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ABSTRACT 

This third of 10 blocks of student and teacher 
materials for a secondary/postsecondary level course in electronics 
principles comprises one of a number of military^developed curriculum 
packages selected for adaptation to vocational instruction and 
curriculum development in a civilian setting. Prerequisites are the 
previous blocks. This block on RCL circuits contains nine modules 
covering 93 hours of instruction on oscilloscope (13 hours), series 
RCL circuits (19), parallel rCL circuits (8), troubleshooting series 
and parallel RCL circuits (7 hours), series Resonance (ll), parallel 
resonance (12) , time constraints (12) , filters (6) , and coupling (5) . 
Printed instructor materials include a plan of instruction detailing 
the units of instruction, duration of the lessons, criterion 
objectives, and support materials needed. Student materials include a 
student text; nine guidance packages containing objectives, 
assignments, and review exercises for each module; and two programmed 
texts. A digest of the modules in the block is provided for students 
who need only to review the material. Designed for self-* or 
group-paced instruction, the material can be adapted for 
individualized instruction. Additional print and audiovisual 
materials are recommended but not provided, (ylb) 
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MILITArar CURRICOLaM MATERIALS 



The mi litary^deve loped curriculum materials in this course 
package were selected by the National Ctenter for Researdi in 
Vocational Education Military Curriculum Project for dissan- 
ination to the six regional Curriculum Coordination Centers and 
other instructional materials agencies. The purpose of 
disseminating ttiese courses was to make curriculum materials 
developed by the military more accessible to vocational 
educators in the civilian settijig. 

The course materials v^re aoqiiired, evaluated by project 
staiff and practitioners in the field, and prepared for 
dissemination. Materials which were specific to the mLlitary 
were deleted, copyrighted materials were either omitted or ^pro- 
val for their tise was obtained. These course packages contain 
curriculum resource materials which can be adapted to support 
vocational instruction and curriculum development. 
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The National Center 
Mission Statement 



The National Center for Research in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institinions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progression* The National 
Center fulfills its mission by: 

• Generating knowledge through research 

• Developing educational programs and 
products 

• Evaluating individual program needs 
and outcomes 



• Installing educational programs and 
products 



• Operating information systems and 
services 
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• Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT 

Military Curriculum Materials 
WRITE OR CALL 

Program Information Office 

The National Center for Research in Vocational 

Education 
The Ohio State University 
1960 Kenny Road, Columbus, Ohio 43210 
Telei>horie: 614/48&365S or Toll Free 800/ 
848-4815 witfiin the continental 
(except Ohio) 



Military Curriculum 
Materials for 
Vocational and 
Technical Education 



Information and Field 
Services Division 



The National Center for Research 
in Vocational Education 



Military 

Curriculum Materials What Materials 
Dissemination Is . - - Are Available? 



an activitv to increase the acoessihilitv of 
military developed curriculum materials to 
vocational and technical educators. 

This project, funded by the U.S. Office of 
Education, includes the identification and 
acquisition of curriculum materials in print 
form from the Coast Guard, Air Force, 
Army, Marine Corps and Navy. 

Access to military curriculum materials is 
provided through a "Joint Memorandum of 
Understanding" between the U.S. Office of 
Edixation and the Department of Defense. 

The acquired materials are reviewed by staff 
and subject matter specialists, and courses 
deemed applicable to vocational and tech* 
nical education are selected for dissemination. 

The National Center for Research in 
Vocational Education is the U.S. Office of 
Education's designated representative to 
acquire the materials and conduct the protect 
activities. 



Project Staff: 



Wesley E* Budke,Ph.D., Director 
National Center Clearinghouse 

Shirley A.Chase, Ph.D. 
Project Director 



One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi* 
nation. ' 

Course materials include programmed 
Instruction, curriculum outlines, instructor 
guides, student workbooks and technical 
manuals. 

The 120 courses represent the following 
sixteen vocational subject areas: 



Agriculture 
Aviation 
Building & 

Construction 

Trades 
Clerical 

Occi^ations 
Communications 
Drafting 
Electronics 
Engine Mechanics 



Food Service 
Health 

Heating & Air 
Conditioning 
Machine Shop 
Management & 

Supervision 
Meteorology & 
Navigation 
Photography 
Public Service 



The number of courses and the subject areas 
represented will expand as additional mate* 
rials with application to vocational and 
technical education are identified and selected 
for dissemination. 



How Can These 
Materials Be Obtained? 




Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e.g., availability and cost). They 
will respond to your request directly or refer 
you to an Instructional materials agency 
closer to you. 
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Director 
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Springfield, IL 62777 


AirdustHal Park 
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Olympia^WA 98504 




206/753*0879 


MIDWEST 


SOUTHEAST 


Robert Patton 


James F. Shill^Ph^D. 


Director 


Director 


1515W6St Sixth Ave. 


Mississippi State University 


Stillwater. OK 74704 


Drawer DX 


405/377 2000 


Mississippi State. MS 39762 




601/325 2510 


NORTHEAST 


WESTERN 


Joseph F.KeUy, Ph.D. 


Lawrence F. H. Zane^Ph^D. 


Director 


Director 
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ELECTROt^IC PRINCIPLES III 
Tnblo o£ Contents 



Classroom Course 7-7 



Course Description 
Plan of Instruction 
Block III - Digest 

Volume III - RCL Circuits - Student Text 

Module 20 - Oscilloscope Uses - Guidance Package 

Module 21 - Series RCL Circuits - Guidance 
Package ^ 

Module 21 - Seriea Reactive Circuits (Monresonant )- 
Programmed Text 

Module 22 - Parallel RCL Circuits - Guidance 
Package 

Module 23 - Troubleshooting Series And Parallel 
RCL Circuits - Programmed Text 

Module 23 - Troubleshooting Series And Parallel 
RCL Circuits - Guidance Package 

Module 24 - Series Resonance - Guidance Package 

Module 25 - Parallel Resonance - Guidance Package 

Module 26 * Time Constants - Guidance Package 

Module 27 - Filters - Guidance Package 

Module 28 - Coupling - Guidance Package 



Page 1 
Page 3 
Page 28 
Page 44 
Page 146 
Page 165 

Page 189 

Page 241 

Page 263 

Page 287 

Page 295 

Page 307 

Page 318 

Page 336 

Page 346 
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Cfaiiroom Courta 
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July 1974 through Noverrtbef 1375 Qridoi ll^ult 
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Module 20 
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Module 21 
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Module 24 
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Module 25 
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Ttma Coastniftu 


Module 27 




Filters 


ModuJe 28 




Coupting 







<0 

«l 
o 



1 

e 

1 


1 

1 

E 

h 


O 


U 

0 

3 


.9 


ii 
1 
.9 
< 






Ho, 
of 
























19 










• 


72 












72 






ir 




• 


8 












12 






ir 






11 






ir 






18 






ir 






10 






ir 






8 






ir 







































.1 

St 

i 

o 

3 





ts 


i 


.9 
ft 

1 

s • 
it 




















ir 








ir 








ir 








ir 








ir 




' ir 




ir 




ir 




ir 




ir 




. ir 








' ir 































o 

O 



.9 

ll 


ii 

1 

:b 

J 

























































































ERIC 



Uitftrtals are recommended but not Provided. 



Expires July 1, 1978 




Thfi btock li the third ton bloeki PfOvldlnQ training Ih >t«ctron(o prhclpNii ui^ ol b4ila t§it *Qulpm«nti uf«tv P^actktii circuit onAlyili, lOldvrlng, 
digltti technlQuesi mkrowivo principle and troublvihoottng b4ilo clrculti^ Prtrtquliltei to thli block art Block I'-DC Ctfcuin «nd Block II->1C Citcuin. 
Olock \\\~RCL Ctrcufn contdlni nino mo<tuLei covering 93 houfi of Initructfon on the Oiclllo»cop«i lerlei and parall«f circulti^ troubleihooting, 
reiohahce, filterii and tlm« conttanti. Th« moduMi topki ahd reiP^ctlva hOuri follow: 

Modula 20 - Oi«lllotcop« (13 houn) 

Module 21 ^ S«rl«t RCL ar«ultt tl9 houn) 

Module 22 Pirallal RCL arcuitt tfi houn) 

Modula 23 - TroublMhootIng S«riet and Nrallal RCL Clr«ulu (7 hours) 

Module 24 - Sarlaa Raaonartca tl 1 hot/ri) 

Modula 25 Parallel RaMmanc« 1 1 2 hourst 

Module 26 - Time Cofietratnta tl2hOun) 

Module 27 - Flitert (6 houri^ 

Modure 26 Co^^ittftg 15 houn) 

Th»i block contain! both teacher and itudent matarlali. Printed Initructor rneterlati Include a plun of Initructloh detaillhg the unlti ot mitruction. 
duration of the te»ani, criterion objectives, and support materials needed. Student materlait consists of a student text used for all the mo<tules; r^me 
0uidanca packages contaihfng objectives^ anlgnmentsi ahd review exercises for each mo<tulej and two programmed texts on Mriet reactive circuits and 
troubleshooting series and parallel RCL circuiti. A UifK^ o1 mo<tules 20 through 26 for students who hsv^ background ih these topics and only need 
to review the rnajor points of instructior> is also Pf'ovfded. 

This material is designed for self- or group-paced ihstructlon to be u«ed with the remaining nine blocks. Most of the materials can t)e adapted for 
individualized instruction. Soma additional military manuals arKl commerclctiv pro<tuced texts are recomended as referencett but are not provided. 
Audiovisuals sugOe$iad for use with the entire course consist of 143 videotapes which are not provided^ 
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(Teehaieal Traiaiag) 



ELECTRONIC PRINCIPLES 
(Modular Self-Faced) 




KEESLER TECHNICAL TRAINING CENTER 
6 November 1975 - Effective 6 Januar>' 1976 with Class 760106 

Volume 3 
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DKPARrjKMT OK TIM; AIK FORCR 

URAF Scfi or Applied Aoro^p Set (ATC) 

Keealcr Atr Force Base, Mtsstsaippt 39534 



PLAN OF INSTRUCTION 3AQR30020-1 
6 November 1??^) 



FORKWORf) 



1. PURPOSE: This publication ia rhe plan of tnatruction (PDI) wl^-^n die 
pages ahowix on p^l^e A are bound into a simple dotumtnt* The POI prrs- 
ctiber. the qualitative requirements for Courso Number 3AQI130020-1 , KUc* 
tronii Principles (Modular Self-Faced^ in terms of criterion objectives 
and tt aching steps presented by modules of Instruction and shows duration, 
correlation with the training sta:;davdi and support materials and 
guidance* When separated into mo-iules of instruction, it beconies Part I 
of the lesson plan* This POI was developed under the provisions of 
ATCR 50-5, Instructional System Development, and ATCR 52-7, plans of 
Instruction and Lesson Plans. 

2* COURSE DESIGN/DESCRIPTION* The instructional design for this course 
Is Modular Scheduling and Self-Pacing; however, this POI can also be 
used for Croup Pacing* The course trains bath non-prior service atmnin 
personnel and selected re^enlistees for subsequent entry into the equipment 
oriented phase oC basic courses supporting 303;vX* 304:OC, 307:<X» 309X-^ and 
328XX AFSCs. Technical Trainin?. includes electronic principles* use cf 
basic test equipment, safety pr^cticesT circuit analysis, soldering, digital 
techniques, nicrowave principle:*, and trouSleshootint: of basic circuits. 
Students assigned to any one course will receive training only in those 
Tnodules needed to complement tlie Training program in the eauipnient phaee- 
Related training Includes traffic safety* commander's calls/briefings and 
end of coarse appointments. 

3, TRAINING EQUIPMENT. The nunber shown in parentheses after '-ci»ipment 
listed as Training touipment under SUPPORT M\TERIALS AND GUIDANCE is the 
planned number of students assigned to each equipment unit* 

4. REFERENCES. This plart of instruction is based on Course Training 
Standftrd KE52'3AQr30020-^1 * 27 June 1975 and Course Chart 3AQR30020-1, 
27 June 1975. 

FOR TllE COMMANDER 




Commander 

Tech Tng Cp Prov» 3395tb 



OPR: Tech Tng Cp Vrov, 3395th 
DISTRIBUTION: Listed on Page A 
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\ COURSe CONTENT 
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PL^N OF [NSTfiUCTION/LeSSON PLAN PART I (Corttlrttiotlort Sh»t) 



course COHrSNT 



t^UPl^HT MATEftlAL^S AMD GUIDANCE 
KfEr-r;i>-iTj, a^rrioacopo Uses 

1 ,/-JO-^L'^.fit oC Oscilloscope (tirLqiicncy phase measurement) 

f;c i;nln^ Kquipment 
OscjMloscope />.7LMJ*^i-y^c;t - 
5ine-3f.uare Uf» o Generator 4864 (1) 

.^^r. I/L.iuccor and dipat ;^:or Trriln^r 5^67 fl) 
\r;il -i;T^_ Notho Is 

i^i^ciib^On (7 irs) iuid.'or ?roj;raTrr*i< Sei : Instruction 
"/T Ah <i^gnf[ient s hr:^ i 



I -,T^.7"^ ';V^-'; - jO, Oi;oi P -/.jf . i\<.'G, ^md stuilents perform lab excTiclsoc' 

Aa:TLn3i>^.-r pro^^re.^rf ^heck to each stMdent and record 
resul .s. Kawc ident ' i»^r ippUciMe qut-fition?^ v\ during 

err 
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PLAN OF INSTRUCTION/LESSON PLAN PART I 
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1 COURSE: CONTENT 



a. Given an AC 3<?ries RCL circuit with applied voltage, total 
current, resistance vnlues and formulas, aolvc for true power and 
apparent power, C'l S : Meos; 

(1) Solve for true power and apparent power In an 

(a) RC circuit 

(b) RL circuit 

(c) KCL circuit 

b. Given d :-;t.ries RCL circuit with component values, applied 
voltages, and frequency Indicated, calculate tX\c values of and plot 
tlie vectors for total impedance, total current, all voltages, and 
approxlniate pha.'^e angle* GTS: 4f Meas: W 

(1) Given a series RG circuit with component values, applied 
voltage, and frequency, calculate the values of and plot tho 
vectors for 

(a) total impedance 

(b) total current 

(c ) AT 1 vol tages 

f^) approximat*. phase angle 

(J) Given an circuit, vary parameters individually and 
d.:ie?rTnine tht^ effect on current and voltage. 



DURATION 
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SUPERVtSOR APPROVAL OF LESSON PLAN <PaRT II) 



SIGNATURE 



DATE 



SIGNATURE 



DATi 



PL AN or 'wSTRUCTlON NO. 



DATE 

6 November 1975 



PACF NO* 

45 
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PLAN OP tNSTRUCTtON/LESSON PLAN PART I (ContUuotton $h#«»t) 



C0UR5I: CONTENT 



(3) Given a series RL circuit with component valuc^i applied voltage, 
and frequency, calculate the values of and plot the vectors for 

(a) tocal impedance. 

(b) total current. 

(c) all voltages* 

(d) approximate phase angle. 

(4) Given an RL circuit, vary parameters individually and determine 
the effect on current voltage. 

(5) Given a series RCL circuit with component values, applied voltage, 
and frequency, calculate the values of and plot the vectors for 

(a) total impedance. 

(b) total current 

(c) all voltages. 

(d) approximate phase angle. 

(6) Given an RCL circuit, vary parameters individually and determine 
the effect on current and voltage. 

c. Using an oscilloscope and trainer, determine relative (2) 
ainpli::ude and phase relationship of E^, E^, E^, and Ec in a series 
RCL circuit. CIS: 4f Meas: PC 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 

KEP-GP-21. Series RCL Circuits 

KEP-ST-Ill 

KEP-107 

KKP'llO 

Audio Visxxal Aids 

TVK 30-257, Series RC Circuits 

TVK'30'258, Series RL Circuits 

Trainln;^ Equipment 

Oscilloscope ACi/Ua^-^yoil ) 

AC Inductor and Capacitor Trainer 5967 (1) 

Sine-Square Wave Generator 4864 (1) 

Isolation Transformer 5124 (1) 
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PLAN OF IMSTRUCTtOM/LESSOM PLAH PART I (CoittUuot)on Sh»t) 



C0UR5f. C0MT6NT 



Training Mothoda 

ni-jcussion (12 hrs) ant!/or P^ot^^ammed Svlf Instruction 
Performance (2 hrs) 
CTT Assignments (5 brs) 

Multiple Instructor Requlrementa 
b^lquipmcnt (2) 

Instructional Cultlance 

Continue to check student proficiency Iti use of powers ot ten in problem 
solving. Issue KEP-CP-21, Series KCh circuits, and hiivc students perform 
laboratory exercise. Monitor sturfents for proper safety precautions ai 

use ot equipment. Administer progress check and record results of each 
individual. Assign specific objectives? to be completed in KEP-CP-U during 



CTT time. 



J ^LA< iMST»^UCT(OK NO- 



DATE 

ft November 1975 



PACE NO. 
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\iCL Circuit 



PLAN OF INSTRUCTION/LESSON PLAN PART 1 



COURSE CONTENT 



a. Given an AC parallel HCL circuiu with applied voltage, 
cotaJ current, resistance values and f:>nmililf^, solve for true power 
and apparent power* CT;; ! 4e^ Mens: U 

(1) Solve £or true power and apparent power in 

(a) parallel RC circuits 

(b) parallel RL circuits 

(c) paralUil ctrcnil:t> 

b. Given v-ar -.ilel RCL ci;cuir atid vector diagrams, select the 
vt;ctor dLifirom, representing clur r^^lattve ampllttide and phase 
relationships oC t ^ , I^, l^, and 1^. GTS: 4f Meas: W 

(1) hi:^t cTit^iin for rletermtninf; reference vector, 
(2^ State relationj^hips of , , I.^ and I. 

Given a parallel rXL circuit diagram with component values^ 
iruriuency, simplitude ot applied voltage* ind formulas, ^^olve for 
i^ranch currents, aopioxlmate phase total current, and total 

ttnpcdancr ^ CTS : Meas : 1^ 

(1"! 5olvo for b~u'^rh currt^ncs* appro"^imate phase angle, 
cnta 1 i'urrent iV^d ror:^^ ;Mt%;.f','ince in- 

(a) paraiN'J nr, ciri-ut s 

(h) pnnlj,:! PL circuits 

(c) p-iraluJ c Ircult.v 



OURATtON 

{How) 
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SUPERVISOR APPROVAL OF LESSON PLAN (PART It) 



SIGNATURE 



DAT£ 



SIGNATURE 



DATE 



PL Af> or ■NSTf^UCrtOS NO. 



DATE 

0 November 1975 



PAGE hO. 
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PLAN OF INSTRUCTION/LESSON PLAN PART 1 (Contlnuotioft Sh««t) 



COURSE CONTCNT 



tl. Given a parallel RCL circuit diagram with component values^ branch 
currents and formulas, solve for applied voltage. CTS; 4f Meas: W 

(1) Solve for applied voltage tn 

(a) parallel RC circuits 

(b) parallel rl circuits 

(c) parallel KCL circuits 

c. Given a parallL'l RCL circuit cliaRram with componcnc values and 
fomulas, solve for total lmpedancL> by assuming an applied voltage* 
crs: 4f Meas; W 

(1) Assume an applied voltage and solve for total Impedance tn 

;a) parallel RC circuits 

(b) parallel Rl circuitit 

^c) parallel RCL circuits 



SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 
KEP-GP'22, Parallel RCL Circuit:* 

Aadio Visual Aic^^ 
TVK -30-261, Parallel Circuits 

TVK-30-?o:J, r^calle) RCL Circuits 

T\'7<-30-262. Parallel RL Circuits 

Ti'ainin^; Mfcliioda 

Discussion ^6 hrs) and/or Pro^^raTTtnr'd iol t [nstruction 
CTT Assignraents (2 hrs J 

Instructional f^uidance 

Issue KEP-GP-22 and assign f;peci£ic objectives co be accompli,sLed during 
CTT tipi.e. 
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Date 
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PLAN OF INSTRUCTION/LESSON PLAN PART I 
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I nuiist: riTLC 

Kloctronlc l^vlticlploa 



"f tiLOCft TiruV 

i;c;l circuits 
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COUflSC CONTENT 



TroubLciUmoCLtu* Sfjriuj. rtml Par^iPol tUlL Clrcultfi (Modulo 23) 

u I tatn a i;rouf Ol stLiromctttH ^ st:!tcrt thu procL:':ti*ru for 
tMiLckln^; capacitors Cor opens and i^horLa. CTS; M.ea:^ ; W 

(1; Describe procedures io: ■t.>kiTi>; on ohmmcterp check. List 
Lii licatlons iihat a capacitor is vond, opt-u or shorted. 

(2) Part substitution. 

i-rt^ri a group of statements, sc'i-:cL ^ht? pioLedur^^ tor 
..:.cckin;^ inductor? for opens and shorts. CiS : 4f \e;r^ : W 

(1) Oc.> proruduro;: ror naT\j'i>; an ohtnmetOr check and 

lijit inilicatiouL t!ia*' an itiductor 1; v^*>c»d , open or i^horLv^ J* 

Urtlnr, lIio \jultin*otcr, J st l;nni.i; i,f. dlif^ram, and a traint^r 
^Avitm a[i inopot.t*:ive series \<C], cirrMiu^ locate the open or 
vr^-'d ccmipoiicnt. '"TS; ^ Meas: V* 

\U*arA\ fi'TTient and " : ■ f Pan 1 o\ 3 Parts 

f:ri : i au" 
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PLAN OP INSTRUCTION/LESSON PLAN PART t (Contlnufftlon Sti««0 



COURSe CONTENT 



SUPPOKT MATERIALS AND GUIDANCE 



Stu dent, Jnatructlonal Matcrifil s 

KF:P-C;|'-:J3, Troublcahootlm; Stjrrcti and Parallel RCL Circuits 

KEP-ST-Iil 

KKP-107 

kf:p-108 

KEP-LiO 

Troubleshooting Series and l\'irallcl RCL Circuits 
Training Equipment 

Inciuctor and Capacitor Trainer 5967 (1) 
Slne-^Square Wave Generator 4864 (I) 
Multimeter AN/PSM-6 (l^ 

Training Methods 

Discussion (4 hra) and/or Programmed Self Tnstructloi^ 

Pert'orrruince (1 hr) 

CTT Aiislfinments (2 hrs) 

Multi ple Instructor Requirements 
Equipmont (2) 

Instructional Guidance 

Issue KEP-GP-23 and have student perionn laboratory exercise. Administer 
progress check and record results for each student. Assign specific objectives 
to be accompl shed ln^K.EP-GP-23 using CTT time. Inform students that a measure- 
v.umt 'est mus. be taken covering, modules 20 throueh 23, 
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eLOCH TITLE 

RCL Circuits 



1 COURSE CO>^T£NT 

Si^rLt'M RcEOnancL (Module 2^0 



a, Cavcn the respoiipc curve of yrrios RCL circuit, compare 
tilt! mav.nltude of current flmt at re^onan.':^' and off ri^sonance, 
CTS: *^gC4) MtMs: W 

(1) With given applle<J iircciuency and component values of 
a series RCL circuit, determine if the circuit is 

(a) capacitlve 

(b) indiictlvG 

(c) resistive 

(2) Calculate the resonant frequency ^ 

(3) Compare mngnitud»5 of current at rf*sonance and off 
roi^onancc 

Glv:ri a seriiih RCL eircuit , and v*^ctor representa- 
tii-^ns ot curr£*nt and voJtige, ^^^elect t ho representation which 
■'hr^i^ shows current and voltaf^c relationships brlow resonance, 
abiv.'^' n^ronance , anti at resonance , '.:TS: 4g{H J Meas : W 

ii) V/it!i l';n*'>wn '^'oniponent v.iluv^^ of a series ROL circuit, 
c il Che resonant :r<:qu^Jncy -r.A diMw verrcir represont itions 

of cMrrenC and uolcar^e. 

A5^suiT;e value;; Lbot will rAus*.^ th^r circuit to operate 
\ r 2 iOrance, Plot the vectors , 

(3h AssiETie values that will cjuse the circuit to operate 
aLiuVc^ r»_^*ionance, t'l ot the vectois. 



SUPERVISOR APPROVAL OF LESSON PLAM (PART U) 



$rCNATuR£ 



9 ATE 



r 



DURATION 



11 

(8/3) 
(2) 



(2) 



SIGNATURE 


DATE 










i 






DATE 

6 N'ovember 1971. 


PAGE NO. 

53 



ATC 



133 



RE**' '^'"liE J^TC r^i'^M? 337. MA« 73. ANO 7TC. AUG 72, WHIC H WILL BE 



22 



PLAN OF INSTRUCTION/LESSON PLAH PART I <Cdiitiiiu<riioii Sti##t) 



C0URS6 CONTeNT 



(4) Select the features of the vector representations that Identify 
the circuit an optiratln^ billow r*!Sonance, above resonance or at" reaonancei 

(5> CIvon a graph ot a frequency r<:spon3e curve, detonutnc banUpar^s 
and bfindwlctth. 

c. Given a series of RCI circuits and formulas, determlae the 
effects on current. Impedance, and phase angle by varying individually 
frequency, resistance, capacitance, or inductance. CTS; ^gC^) Meas: W 

(1) With known values o£ Erequencv, resistance, capacitance and 
Inductance for a series RCI circuit, solve £or current. Impedance, and phase 
angle. 

(2) Individually substitute values above and below tho given values 
of frequency, resistance, capacitance and inductance and solve for current, 
impedance and phase angle. 

(3) Compare the effects of varyinj; each parameters. 

d. Given component values of a serieF KCL circuit, calculate (1) 
the rci^onant friiquency. CTS; 4s(4) MtMs: W 

e^ Using a series RCI circuit connected on a trainer, signal (1) 
generator, and ammeter, determine the half power points, bandwidth, 
bandpass, and resonant frequency. CTS: 4g(l), 4g(2), 4g(3) Meas : PC 
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PLAN OP INSTRUCTION/LE&SON PLAN PART 1 (C«nltnuatl«n Sh««i) 




COURSE CONTENT 


Stlfl'OKT MAri;iUAi,fi AND OUIDANCK 




'cilutiont liiatrvictioivnl MivmriAla 




KEV-<'P-2U, Series Resoiuincc 




KP;o-yT"tir 




K.:i'-107 





KEP-108 
KKP-llO 



Autlio Victual Aidtt 

TVK-30-260, Series RCL Circuits (Resonance) 



Tr^iinin^; EquipTnent: 

AC Inductor and Capacitor Trainer 5967 (1) 
Sine-Square Wave Generator 4864(1) 
Mt!ter Panel 4568 (i) 
! Multimeter AN/PSM-6 (i) 

Training; Methods 

Discussion (7 hrs) and/or Programmed Seif Instruction ^ 
Performance (1 hr), CTT Assignments (3 hrs) 

Multiple Instructor Requirements 
Equipment (2) 

J Instructional Guidance 

1 Issue KEP-OP-24 and have students perform laboratory exercise. 

I Administer progress check and record results for each student. Assign 

[ specific objective for students to complete during CTT time. 



[ 

t 

i 



i 



PUAM OF iKSmtjCTJOhl NO. 



6*tovember 1975 



55 



ERLC 



ATC TpJ*^, 133A 



REPLACES Ji^TC FORMS 3)TA. MAR T). AND 770 A* AUO 72, Wt4tClI W[UL BE " 

24 



ERIC 



PLAM OP INSTfiUCTlOM/LESSON PLAM PART 1 


1 IM ret ruiilc I'rlnclj^len 


111 1 KCL circuits) 


1 COURSE CONTENT 


2 DURATION 


7. Parallel Rcaonjuttc ^Module 251 


12 

(9/3) 


£U Ciw^cn the rtnpunse curves of parallel RCL circuits* 
compare thr magnitudr of current Clow U" rosnnance and off resonanct 


(3) 


(1) With given .'ipplied "roqutricv aid componc-nt valui>s of 
1 a parallel KCh circuit, dotermine it t\\v circuit is capacLtive, 





inductive or resistive* 

(2) Calculate the resonant fr( quc tn^y 

(3) Ci)mpare massnittide of cur/L-nt m rvsonance and off 

Given a pa'^alltl KJL ctrciiLi ' tornul,i,^i, 
detr^mine the eftects on current, impt ii.iriee , and phase angle by 
individually vary^nf: frequency, resistance, capacitanc€> and 
induf:tance, CTS: 4g(4) Meas: W 

CD With given component vaLu^,vS of a parallel RCL circuit, 
calculate '^he resonant frequency and drau vector rcpresc^ntations 
oi' curri^n; jrd voltage* 

(2; Assume values tlir:t wi 3 1 ..an^t^ rhe circuit to operate 
beJoi; I'cson.tnce* i^lot the vectors 

(1) Assune values thjL wile cause the (.rcuit to operate 
abovv resonance* Plot thf. vector? 

V4) Select, ih*; ^e.lr1.Jr^^^^ of. tl^-; v^^ctor rcpre^i^^ntat Ions 
th^' ■ 'Mtity the circuit as op.^iatlns; at resonance, above 
r^j' nance or oelow resonance* 

(5' 'Jiven ri graph or a trci|'^i£Mcy response curve, determine 
iihe baadpass and bancvidtti 
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COURSC CONTENT 



c. Cllvon component: valuta of a parallel rcL circuit (1) 
calculate the resonant froquencv, fT!5r Meas; W 

Urtlnv^ a parallel HC:L circuit t;onn<£!cted on a trainer, (I) 
^^iI•nAI j^erif'rator, and mnl tliin*ror, <h if?niijiio tl>c banduUiHi, 
hnndpasst half power points, and r<'Honai>i frvquoncy. 
(TS; ^ilLQ' ^UlLUi ^Cil 

Moasn roinenC and Crlt:tfiiJo (Part 2 of 3 Parts) 1 
a, Mrastirement tesL 
li . Tf^fit crl t Ique 

SUPPORT '^t/XTElUALS Am> cmDANCE 

S tud e nt I nst ructlonal Material s 
/ Parallel Resonance 

KiiP-ST-ni 

KEP-107 
KF,0-L08 

Audio Vis ual Aids 

TVK 30-264, Parallel KCL Circuits fHesonance) 
'J r a ini nt; F!qi ujj mg^nt 

A^' tndiirtor ;?(hl Capacito: frainf^r SM(i7 M) 
iMne-Sqnar*' ' avo Cf?nt?rat,% r 4>^rfSA '1) 
. ivj'i or AN; PSH*b f 1 ) 

Di ii<.*tssl ^ 8 hrsj aad/or Progranimed St^l 1 Instruction 
P*>ri:orinanre yi SrK CTT Assignments f3 lirs> 

M ultiple I ns cructor t^ecnlrer nent 
rtoulpnenf ' 2^ 

Tnst rur; t lonal Guidance 

Tssue KEP-CP-25 and have students perlonti laboratory exercise. Administer 
ProgrL'SS check and record results for oach sttidenc. Assign specific objectives 
to be completed during CTT time- Inform students that a measurement rest must 
be taken coveiing modules 24 and 25* 
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Lit 



Klnctronic ^rin£lple3i^ 



KCt, CirculCfl 



COUR$« CONTENT 



9. TtPH Constant.^ (Moduli^ 26) 

a. nivon a DC seriwr; RC circuity st>t:clf:led time component 

value^t, ana a Universal Xlmc Constant Chart, determine the percent 

o£ chat(;e on a capacitor; the percent of discharge of a capacitor* 
CTS: 41 Meas: W 

(1) Relate the following terms to time: 

(a) TraniiLent 

(b) Transient response 
(c^ Transient voltag*' 

(d) Transient curreiit 

(e) Transient Interval 

(1) Flffects of component valuer on transient response. 

(3) Define time con&cant In terms of RC and RL, 

(0 Explain Universal Time Constant Chart in terms of RC 
u.rJ r\ 'TLrcuits* 

. a !X. series RL circuit > specified time, component 

J X , avid a ':ni^;err*al Tim*? ror.stant Chart, def^rmine the percent 
c :: -cut ^;tixld-an, th'^ pjrcant of current decay. CTS; 4i 
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COURSE CONTENT 



(1) RC circuit characterlstlco, 

(a) Identify ci*rve on Uiiivcrsal Time Constant Cii*;rt that shows 
percent of charge and discharge of a cflpacitor in a DC series circuit* 

(b) Use a DC series KC cii*cuit and UnivetJal Time Constant Chart 

to determine 

1^ and Ej^ when E.^, R, C, and time am known* 

2^ number of time conctaiit*^ when E^, E^,, T., tind C are known* 

3 R when E^, C, E(^, and t are known* 

4 I when E^, t, C and K are known* 

5^ C when E^, tt ^{]t ^nd K are known* 

6^ Ea when Er, t, R, and C are knc^m* 

c* Given series RC and RL circuits with component values and (2) 
formulas, compute the time constant for each* CTS: 4i Meas^ W 

d* Given waveshapes of long, medium and short time constants (2) 
of RC and RL circuits, identify Eq, Ej^, and E^ with the correct waveform* 

CTR: 4i Meas: W 

(1) Relate long, medium, and short TC to integrated and differentiated 
v*avef arms* 

<2: Identify voltage waveforms devt?lop*-d across resistor and capacitor 
in RC long, ^ni^dium, and short TC networks* 

(3) Identify voltage wavefurms developed across resistor and coil in 
RL long, medium, and short TC networks* 

e* Given a trainer containing series RC or RL networks, (1) 
oscilloscope, specified square wave frequei*cy and voltage, identify 
the output wave as either differentiated or integrated* CTS: 4i^ Meas: PC 
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COURSE CONTENT 



9. Tire Constant- ^Module 26) 



a* Hivf^n a DC scti;*?: RC circuit, specified time component 
valuers, and a Univt^rsal Tlmti Constant Chart, determine the percent 
o£ charge on a capacitor; the percent of discharge of a capacitor* 
CTS: 41 Meas: W 



(1) Relate tho follo^viug terms to time! 



(a) 


Trau?jlGnt 




(b) 


Transient 


response 


(c^ 


Transient 


voltag*! 


(J) 


'1 ranslent 


current 


(e) 


Transient 


interval 



(1) Effects of compon^snt valuer on transient response* 

(3) Define time constant in terms of RC and RL. 

; 0 Exv^lain Univ<^rsal Time Constant Chart in terms of RC 
'.".rcuits. 



. iri^oi-i ,=k series RL circuity specified time, component 
, a.ti a ''ni^ersal Tim*? <'or.3cant Chart, def^rmine the percent 
OL t'::^c;it Siiild^ap, th^ pjrcant of current decay. CTS: 4i 
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COURSE CONTENT 



(I) RC circuit charactorlstlco. 

(a) Identify c\»rve on Universal Time Constant C^^irt that shows 
percent of charge and discharge of a capacitor in a DC aeries t.^: circuit. 



to determine 



(b) Use DC series Rf^ circuit and Univcr,sal Time Constant Chart 

1^ and when E^, H, C, and time aro known. 

2 number of time con&tants when H^, and C are known. 

3^ R when E^, C, E^;, and t are known. 

4 I when E^, t, C and K are known. 

5^ C when E^, t, E^, and R are known. 

6 Ea when Er, t, R, arid C are kno^'^. 

c. Given series RC and RL circuits with component values and (2) 
formulas, compute the time constant for i^ach. CIS; ^1 Meas; W 

cl. Given waveshapes of long, medium and short time con^^tants (2) 
of RC and RL circuits ,identi fy E<^, t:|^, and E^^ with the correct waveform. 

CX^: Meas: W 

(1) Relate long, medium, and short TC to integrated and differentiated 
VvMveforms. 

(2) Id'-ntify voltage waveforms develop**d across rcjsiscor and capacitor 
in RC loag, medium, and short TC networks. 

(3) Identify voltage waveforms developed across rcsi^;tor and coil in 
RL long^ medium, and ehort TC networks. 

e. Given a trainer containing series kC or RL networks, (1) 
oscilloscope, specified square wave frequt*ncy and voltage, identify 
the output wave as either differentiated or integrated* CTS; Ai_ Meas; PC 
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couR&e contgnt 



SUPPORT MATliKlALS AND nUIDANCi; 

StufJ(^tit tnajtructlonal Mac^srlalg , 

KEP»CP-26, Time Conacancs 

KEP-5^T-III 

KEP-lfl7 

KEP-108 

KEP-807, Universal Time Conacanc Chare 

Audio Viaual Aida 

TVK-30-851, RC Transients 

TVK-30-852, RL TranaienCs & Wave Shaping 

Training Equipment 

AC Induccor and Capacitor Trainer 5967 (1) 
Sine-Square Wave Generacor 4864 (1) 
Or,cilloscope a:I/U£I:-.9o(1) 
Isolation Tranaformer 5124 (1) 

Training Methods 

Discusaion (8 hrs) and/or Programmed Self Instruction 

Performance (1 hr) 

CTT Assignments (3 hrs) 

Multiple Instructor Requirements 

Equipment (2) 

^ ^ * - 

Ingtructional Guidance 

Issijc- ,:;kP-GP-26, Time Constants ^L-^^d nave students perforx laboratory exercise, 
A^jninj.^t.Gr progress cncclc ana record results of each student. Assign 
Gpecii^ic o^^jectivcs to ue completed durinj; CTT time. 
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1 OUWtC TITLE 






Kicctronlc Principles 




Ml (If »r 1 1 T 1 r 




t J 1 







COURSE CONTENT 



li). KlUors fModuU: 27) 

a, Froiri a list o: statements concorninfi filters, select the 
one thi\l oxplalna tlie low pass filtering; .-action of a T-sectlon; a 
Pi-j^cctlon^ CT^.: 4j Meas: W 

(1) Explain action of a low pr .s filter uulllzing a 

(a> /J.-st;ction filter 

(b) T-sectlon filter 

(c) Pi-stictlon filter 



( Ik Froni a 1 f. * of statements concerning filters, select the one 

I tliat ertpJalns hit;li pas3 flltevlni; action of a T*sectlon; a Pl-sectlon 

j Cr*1: 4i He a,: '0 

(1) F;\plain action of a hl^h piss filter utilizing a 
(a> L-section filter 

(b) -sect Ion filter 

i 

! (c) Pl-sectLoa filter 

; , r.n a ii'^t fif a::ements concrrj>ing filters, select the one 

I :t i:>\wains iho h;pv>fa-:j filtcriup -icLion oC a parallel resonant 
J 'lircniL: i ii<^ries-i;r»ra..lel circuit; a series resonant circuit* 
j CIS: ;'Ic-t<5: 

* \ ^ '.xpl^ixsi acLiOM of a bandpa*^s Ciltei: utilizing a 

^d) paral rojooant cii*cuit 

(b^ :ierios resonant ciruuLt 
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COURSE COMTeMT 



(< ) Serlos^parallcl drrangemunt of a series and parallel resonant 



elrcult 



d. From a list of statements concerning filters, solect th<* one that 
explains the bard reject filtering action of a parallel resonant circuit; a 
series^parallel circuit; a series resonant circuit. CIS: 4j Meas: W 



(1) Explain action of a bandpass filter utilizing a 

(a) Parallel resonant cireul^ 

(b) series resonant circuit 

(c) s eries-^parallel arrangement of a series and parallel resonant 



Student Instructional Materials 

KEP*GP-27, Filters 

KEP-ST-III 

KEP-107 

KEP-llO 

Audio Visual Aids 
TVK-30-305, Filters A 
m-30-306, Filters B 

Training Mc-thodf 

Discussion (4 hrs) and/or Programmed Self Instruction 
CTT Assignments (2 hrs) 

Instructional Guidance 

Issue KEP-GP-27 and assign specific objectives to be completed during CTT time. 
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K.UwWl TlTuC 

j'ilcctronic Principles 


III 


BLOCK TlTLe 

KCL Circuits 



COUftSC CONTENT 



11. Coupling? (Module 28) 

^* Givea circuit diagrams and a list of statemtants , select 
the statement(s) that explain(s) the operation of direct coupling; 
RC coupling; LC coupling; transformer coupling. CTS: Meas: W 

(1) For each type of coupling 

(a) draw schematic representation 

(b) list characteristics 

(c) Illustrate response irtirviis 

b. From a I Lrt of statements, select the one(3) that describe(s 
the types of coupling that will provide impedance matching; desired 
frequency response; signal gain. CTS : 4J^ Meas : W 

(1) State requirements for impedance matching 

(2) Illustrate results of using each type of coupling as 
an impedance matching device 

(I?") Select the proper coupling for a given desired 
f rcqiit-nc^ response 

(A) Compare signal gain from each type of coupling 
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COUnSE CONTCNT 



PUPK)ltT t-UTKUULC AND OUIDANCK 

KtP-GI'-Ph, Coupling 
i'XP-^ST-III 

KEP-110 

Audio Visual Aids 
TVK iO-:;08, Oouplin^; 

Traininr Methods 

Discussion (4 hrs) and/or ProRranuned Self Instruction 
CTT AssitTiment (l hr) 

12. Hf;:i:5urcment and Critique (Part j oi" ^ Parts) 
!^*.fjasijrement test 
* Test critique 
Instrai:tinnal Guidance 

Icsue Ki-P-GP-2S and maJce specific assi^;nments to be accocnplisned during CTT time. 
Inform students that a meaciireoent teot nu^t be taken covering modules 26, 2? 
aixd 23. 
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. 1-1 

Designed Fo; ATC Course Use — 
00 nor use on rue joi 

3G 



Basic and ApplK^d Electronics D<}partnient Stud<}nt Text 3AQn3X020-X 

Koealer All* Forco Buo, Mlffsldslppl ' KEP^ST/DIGEST MU 

1 April 1075 

DIGESTS 

The digest Is designed as a refroshor for students with electronics experience and/or 
education who may not need to study any of the other resources in detail. 

After reading a digest. If you fool that vnu can accomplish the objectives of the module, 
take the module seU-check in the back of t; '^uldance Package* U you decide not to take the 
seU'*check, select another resource and begin dy« 



CONTENTS 

MODULE TITLE PAGE 

2 Safety and First Aid 1 

3 Electronic Mathematics 1 

4 Direct Current and Voltage 3 

5 Resistance, Resistors^ and Schematic Symbols 4 
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10 Troubleshooting DC Resistive Circuits 12 

11 AC Computation and Frequency Spectrum 12 

12 Capacitors and Capacitive Reactance IS 

13 Magnetism 17 

14 Inductors and Inductive Reactance 18 

15 Transformers 20 

16 Relays 21 
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19 Motors and Generators 24 
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Voiv \}U'Ci}H ari! uhocI to concontrato thai 
niSciiotlr ilht'rt, Thf! polo picrc« and tliy 
uriimtur^} c!ure provide u low reluctanc!C putt^ 

WithV dingle coil for the armature winding, 
a complete cycle of AC will bo produced for 
each rcw^lutioRi See figure 2. As theicoll 
rotates irom 0^ it cuts the magnetic lines 
of force Inducing an EMF in the coil/Thls 
EMP cauBes current to flow through the 
conductorAsiip rings, brushes, und lload. At 
the 00° position the conductor cuts vie most 
lines per iJnit of time and thus xpaximum 
voltage is iflduced. At the ISOypoint the 
conductors m\»ve parallel to th^ magnetic 
lines and the >Dutput voltage w(U be zero. 
At 270'' the oirtput is maximum negative. 
At 360* point, the cycle wiU start over. 
Maximum amplitude is directly proportional 
to the speed of rotation aad the strength 
of the magnetic field. / 

Now that the operatun otfthc AC generator 
is understood, let's mal^ a minor change 
to produce a DC outputi / 

Applying the left-hattcL rule we can see 
that the direction of /cuVrent flow in the 
conductor changes di coll rotates. This 
reversal takes placjp at tM 0** and 180*" 
positions. By a switofung act\on this reversal 
of current through/ the loadVan be elimi- 
nated by replacing the two slib rings with a 
commutator. Fox a single loDp armature 
winding a two aegment commutator Is used. 
If the armatur/ winding has twa loops then 
a four segmevt commutator would be used. 
One end of /each loop is connwted to a 
segment. Two brushes are usedVto make 
contact witH the rotating commutator just as 
in the AC generator. \ 



All npotors operate on the interaction of 
magnenc fields. A force is exerted bemeen 
a staticr field and the field of the armsure 
whicA is free to rotate. The amount land 
dir/ction of this force will determine mot^Dr 
speed and direction of rotation* Speed vb 
also a function of frequency and the numben 
^ pole pairs in the AC motor. 
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MODULE 20 
OSCILLOSCOPE USES 

There are numerous applications for a 
general purpose oscilloscope* Four basic 
applications will be described in this digest. 
Once you become familiar with the controls 
and modes of operation, you will find the 
oscilloscope is a valuable tool inthetrouble- 
shooting and repair of electronic equipment. 
i 

To obtain maximum utilization of the 
oscilloscope, you must learn the controls and 
their functionSi The function of the FOCUS, 
INTENSITY, and POWER AND SCALE 
ILLUMINATION controls is self-explanatory. 
The MODE (Red), TRIGGER SELECTOR, 
STABILITY (Red) and TRIGGERING LEVEL 
controls are used to LOCK-IN or stabilize 
the presentation on the CRT* The HORIZ 
DISPLAY, VARIABLE TIME/DIV (Red) TIME/ 
DIV, and HORIZONTAL POSITION controls 
select, control, and position the horizontal 
display Avith respect to the X axis. In 
addition, the HORIZ DISPLAY control selects 
a normal display, 5X MAG display, or an 
external horizontal input with its associated 
EXT HORIZ GAIN control. The oscilloscope 
can be used to accurately measure the time 
of waveshapes. 

This oscilloscope is a daal trace oscil* 
loscope. This means that two signals can be 
displayed on the CRT simultaneously. To 
accomplish this function, two separate and 
identical vertical size and positioning con- 
trols are provlJed: One labeled channel A 
and the other channel B. In addition, there 
is a MODE control which allows you to 
observe either channel A or channel B* 
Also CHOPPED or ALTERNATE positions are 
available. In the CHOPPED mode, each 
channel is displayed alternately for 3*33 
microseconds. In the ALTERNATE position 
channel A is displayed for a full sweep, 
then channel B for a full sweep* The 
VARIABLE VOLTS/DIV (Red), VOLTS/DIV, 
the POSITION (Red) controls vary the verti- 
cal size and positior of the waveshape. A 
POLARITY control selects either AC or 
DC coupling and provides a normal or in- 
verted input* The oscilloscope canaccurately 
measure the voltage amplitude of awaveshape. 
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The osclLLoBcopo la a vory accurate piece 
ot teBi equipment and la widely uded to 
observo waveforms to Insure their correct 
shape ad Indicated In technical orders and 
operating Instructlomit Many probtcmjS or 
troubles can be Identified with the 
oscilloscope. 

The oscilloscope can also compare the 
phase relationship between two signals* With 
the dual trace capability, two signals can 
be compared by measuring the distance 
between the waves and multiplying by 360* 
provides the phase difference, expressed In 
degreej. 

Another function of the oscilloscope Is to 
determine the frequency of a waveform 
through the accurate measurement of time. 
The oscilloscope allows you to set the time 
it takes for the beam to travel 1 centimeter 
across the CRTt Multiplying the time by 
the number of centimeters In one cycle will 
give the time of one cycle. The unknown 
frequency can then be determined by using 
the formula; Frequency = l/Tlme. Of 
course, In the formula, time Is the time for 
one cycle. 

The last function of the oscilloscope is 
that of measuring voltage. The oscilloscope 
allows you to set the amount of voltage 
needed to make the electron beam deflect 1 
centimeter in the vertical direction on the 
CRT. The AMPUTUDE CALIBRATOR 
provides an amplitude calibrated 1000 cycle 
square wave to calibrate the verticalchannel 
of the oscllloscopet By multiplying voltage 
for 1 centimeter of deflection by the number 
of centimeters between the positive peak 
and the negativ e peak will give the peak- 
to-peak amplitude of the waveform. The 
effective, average, and peak voltages of a 
sine wave can be easily calculated using the 
peak-to-^peak value* DC voltages can also 
be measured* Ground the input to the scope 
to set up a reference* Now apply the DC 
voltage and count the number of centimeters 
of deflection from the reference* Multiply 
the centimeters of deflection by the setting 
of the VOLTS/DIV control to determine the 
amplitude of the DC voltage* 



MODULE 21 

SERIES RCL circuits 

You have studied the Individual effects of 
resistance, Inductance, and capacitance. All 
oppose current flow. What is also very 
Important Is that Inductance and capacitance 
introduce a phase shift between current and 
voltage* Resistance does not produce aphase 
shift. In series HCL circuits It Is Important 
to understand this phase shift. Vectors show 
the phase relationships of current, voltage, 
resistance, and Impedance (Z). 

The following properties of a basic series 
circuit apply: 

1. Current In any part of a series circuit 
is the same. There Is only one current In 
a series circuit. 

2. The vector sum of the voltage drops 
around a closed loop equals the applied 
voltage. 

3. The Individual voltage drops can be 
determined by the use of Ohm's Law. 




Due to the current and voltage relation- 
ships across a capacitor and inductor, the 
phase relationship of Xq and are exactly 
opposite. As a consequence, Xq and 
each cancel the effect of the other. When 
and Xc are in series, the net reactance 
is the difference between the two series 
reactances. Three possible conditions exist 
in such a circuit* 

1, Xq Is greater than X^* This makes 
Eq greater than £^ and the circuit acts 
capacitive. 

2* Xl 1^ greater than X^* This makes 
El greater than Eq and the circuit acts 
inductive. 
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3« ctiualtf %Qi Thl£t conclltloti Ifj 
culled reiionance, Thla make** Ec f^^luAi to 
En^ and the circuit acta rdaistlve. 

The tlrsi step in the solution of a aerUs 
nCL circuit problem la to determine the 
reactance ot the Inductor and capacitor^ 
Refer to figure 1 for a aample. 



.159 



= 10 k ohms 



Vdctora ahow tho relatlondhlpa botweon 
roitldtance, capacltlvd reactanco, and 
Inductive reactancdt Figure 2A ahows thla 
relatlon5hlp using realatance aa the reference* 
The angle thdta (0) for Zt can be determined 
by using the cosine function, 

cose-— .^^j^^j^^^ =..8333 

Referring to the trigonometric tables, the 
angle la 33.6\ 



100 Ht/^ , 




a Sir fL = 20 k ohms 



tSlcQ 



jtttl 



3K9 H 
Figure 1 
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Next, we solve for total impedance (Zt) 
In this circuit by taking the vector sum. 
Remember that the reactances cancel so 
subtract the smaller reactance from the 
larger reactance* 



= "^R^ + (X^ - X^)^ = 18 k ohms 



Knowing the total Impedance and the applied 
voltage, it is easy to determine the total 
current. 



y2 18k(> 



10k Q 

A 



lOOV 



rE^ 90V 



■En 75V 



B 
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Individual voltage drops can be determined 
by using Ohm's Law. 



Figure 2 



E ^1 X, = 100 V 
= IjR = 7SV 



Using current for a reference, we can also 
plot the current and voltage vectors for this 
problem. See figure 2B. E^ ti3J$ the same 
angle as Z^, if It Is used as a reference. 
Ea Is used as the reference in voltage 
vector diagrams; therefore will be at 
-33.7'. See figure 2C. 
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Colls and capacitors store energy during 
part of the cycle and return It to the clr** 
cult during part of the cycle* Therefore^ 
thoy dldslp:^te no power* Because of this 
we have to differentiate between true power 
(Pt) and apparent power [P^) In a series 
RCL circuit* True power can only be cal- 
culated for the resistor. 



There Is no pownr dissipated In a pure 
capacitor or Inductor. Although a reactance 
draws current from the generator^ E and I 
are 90^ out of phase. The circuit stores 
energy In the electromagnetic field of the 
Inductor^ and In the electrostatic field of 
the capacitor. For both cases, the storeil 
energy Is returned to the circuit so that no 
power Is dissipated. The product of Ea 
and then Is considered apparent power 
and Is expressed In voltamperes (VA)^ 



P =E I = = ^ = 450mVA 
a a t t t 



Power factor (PF) Is a numerical ratio 
of true power to apparent power. 



MODULE 22 

PARALLEL RCL CIRCUITS 

Let us review the properties of a basic 
parallel RCL circuit* 

1* The voltage across each branch of a 
parallel circuit is the same. 

2* Total current is the vector sum of the 
individual branch currents* Total current 
will be: 



3, The current in each branch is given 
by Ohm's Law. 




P jj^c n,v^ 4' Due to the current and voltage relation- 

PF = ~ -^333 ships for a capacitor and inductor* the phase 

t relationship of Ic and I^, are exactly opposite^ 

Total reactive current will be the difference 
between the capacitive current and the in- 
Power factor can also be determined by: ductlve current. 



A basic parallel RCL circuit is shown in 
E^ ^ figure U The first step in the solution of 

PF3=^=^=CosO this parallel RCL problem is to determine 

at Xc and Xl- 
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The power factor is always equal to the 
cosine of angle theta and can never be 
greater than one. The closer to^ one, the 
more resistive the circuit; and the closer 
to zero* the more reactive the circuit. 
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^C=4r^ lOkfi 



X, = 2TrfL = 40 kfi 

Li 
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Fl(fure L 

Using Ohm's LaWf solve for Iq (16 niA)» 
Ij^ (4 mA), and Ir (5 mA)* 



^ 1, ) 13 mA 
C L 



Using total current and the applied voltage, 
solve for total impedance* 




Ip * 5 mA 



R£:P4'1080 



tll^uro 2 ithow£j the rclatlonfihlp of the 
current values. An(;lc 9 can be determined 
by using the cosine function. 



Cos 9 s - 



R ^ 5 mA 
1^ 13 mA 



.3846 



Referring to the trigonometric tables, 
find angle 6 to be 67*4^ 

We say the circuit is acting capacitively 
if the capacitive current la larger than the 
inductive current* How the circuit acts is 
determined by which reactive component 
has the larger current. 

As \^th series RCL circuits, there is no 
real power dissipated by the capacitor or 
the inductor in a parallel RCL circuit. 
Real or true power (Pt) is the power dissi* 
pated by the resistor. The unit of measure 
of Pt is the watt. 

^ 2 



^^R 



Ir^R 



Apparent power (P^) is the product of 
and U and is measured in volt ampere? 
(VA)- 



a t a 



^a^ 1 2, 
— s— = It Z 



In this circuit, Pj is 2.08 VA and Pt 
is 800 mW. Power factor (PF) is the ratio 
of true power to apparent power. 



PF = 



t 800 mw 



2.08 VA 



« .3846 



Figure 2 



Notice that the PF is the same as the 
Cos of the phase angle (0)* 

When the applied voltage is not given, 
you can solve for total impedance by using 
an assumed voltage. Use the assumed voltage 
and calculate tiie current through e ach branch* 
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Combine the branch currents to determine 
total current* Use total current and the 
assumed voltage to calculate totallmpedance. 
Regardless of what voUige Is a^sumed^ the 
Impedance will be correct because Impedance 
is the ratio of voltage to current. 



MODULE 23 

TROUBLESHOOTING SERIES AND 
PARALLEL RCL CIRCUITS 

Troubleshooting RCL circuits Is very 
similar to the procedure used In trouble- 
shooting resistive circuits. However, It Is 
Important to know the type of Indications 
reactive components present when trouble-* 
shooting for opens and shorts. 

Generally a capacitor can be checked with 
an ohmmeter. A good capacitor will present 
a momentary deflection towards zero, then 
the Indicator will return to infinity. This 
procedure Is normally used to check large 
capacitors. With small capacitors It may be 
difficult to detect this deflection so care 
must be used. For small capacitors the best 
check Is to replace the capacitor with one 
that is good. A shorted capacitor will Indi- 
cate a low or zero resistance when checked 
with an ohmmeter. An open capacitor will 
give an infinite reading on the ohmmeter. 

In troubleshooting, we will also experience 
troubles with Inductors, and as with capacl- 
torst ait ohmmeter can be used. Remember 
that when using the ohmmeter to check an 
inductor, you are measuring the DC resistance 
of the wire. Regardless of the fact the wire 
Is colled. It is still a conductor and has 
very little resistance* When the ohmmeter 
Is placed across a coll that Is shorted, the 
meter will Indicate 0 ohms. Care must be 
taken because colls with few turns will show 
a low resistance reading when they are good. 
When Just a few turns of an inductor short 
together^ it is very difficult to check with 
an ohmmeter* In this case the best check is 
to sut>stltute a known good Inductor, 



MODULE 24 

SERIES RESONANCE 

In the aerlea RCL circuity we know that 
an Increase In frequency will produce an In^ 
crease In Xl ^nd a decrease in X^* The 
frequency at which X^; = Xl Is called the 
resonant frequency and is designated by f^. 
See figure 1. 



5k Q 



JTYTL 
2BH 



* Figure 1 





300 Hz 


\ = 


25 V 




S3 k ohms 




S3 k ohms 


z = 


R (Sk ohms) 



For every combination of L and C* there 
win be one frequency where X^ = Xl» 
The formula fo r de termining this frequency 
Is fp = ,159/Vlc An important property 
of a series RCL circuit Is that Impedance 
Is low at resonance and Increases rapidly 
as frequency is Increased or decreased, 
(Z Is equal to R and It is maximum,) 
See figure 2* 




FREOUENa 



Figure Z 
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When the applied frequency is less than 
the resonant frequency, the circuit is capacl- 
tive* Xc is greater than X^«Whenthe applied 
Irequency is greater than the resonant fre- 
quency, the circuit is inductive* is 
greater than X^* Figure 2 shows the two 
reactances as well as the total impedance 
and total current as the frequency Is varied 
from below to above resonance. Notice that 
circuit impedance is minimum and circuit 
Current is majcimum at resonance* 

The Q of a series resonant circuit is 
defined as the ratio of the Inductive reactance 
of the circuit to the resistance of the circuit. 
The Q of the coil is defined as the ratio of 
Xl of the coll to the resistance of the coil 
(Q - Xl/r)* If a series circuit has only one 
coil, and the resistance of the circuit is the 
resistance of the coil, then Q of the circuit 
and Q of the coil are one and the same. Coils 
with a Q of 10 or more are ^^d to be high 
Q coils. 

Varying the resistance will not affect 
resonant frequency but will aifect circuit cur- 
rent by aifecting Q. Figure 3 shows the effect 
of changing resistance in ^ series RCL 
circuit. Curve A shows the variation in cur-* 
rent as the frequency increases from below 
resonance to above resonance* Note that curve 
A conics to a much sharper peak than do the 
other curves. Since in all cases X^ 



remained fixed, the Q Is greater when the 
resistance Is smaller * The current- frequency 
resonance curve in a high Q circuit rises 
to a sharp peak at the resonant frequency 
and the peak of the curve for lower Q 
circuit Is broader* 

In many series BCL circuits, a large 
number of frequencies may be supplied to 
the circuit* The current that would meet the 
least opposition would be that generated at 
the resonant frequency, we say that the cir- 
cuit passes the resonant frequency* If it Is 
desired to pass current at a particular fre-* 
quency, the capacitance or Inductance (or 
both) may be varied so that X^; = X^ at 
the desired frequency. This is called tuning 
the circuit, A series BCL circuit Is said to 
be tuned to a given frequency when the 
capacitance or Inductance (or both) have been 
adjusted so the given frequency becomes the 
resonant frequency. It can be seen in figure 
3 that a high Q circuit is more selective or 
more sharply tuned since the current at the 
resonant frequency is much greater than the 
Current slightly off-resonance. 

If frequencies (other than the resonant 
frequency) are passed at a lesser magnitude 
than the resonant frequency, between what 
frequencies is a significant amount of current 
passed? Unless we know what we mean by a 
significant amount, we cannot answer the 
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queajtlon. The significant amount is more 
than .707 times Imax, The ,707 points on 
the current-frequency curve (see figure 3) 
are called the half power points. The half 
power points on curve A are Y and 2. 
Drawing a Une down from point Y is 350 
kHz and from point Z is 360 kHz. The 
bandwidth Is defined as the difference between 
the upper half power point frequency and the 
lower half power point frequency, (BW = 360 
kHz * 350 kHz « 10 kHz). 

The half power points of curve B are W 
and X. The bandpass In this case is greater 
than curve A, and the bandwidth Is wider. 
The bandwidth of curve C is Tvlder than 
either that of A or B. If a series circuit 
Is resonant at a given frequency^ increasing 
R Increases the bandpass and decreases 
selectivity. 

When the resonant frequency^ fj. and the 
Q are known, bandwidth may be found by the 
formula BW = i^/Q. 



In parallel HCL circuits^ resonance occurs 
when the frequency causes I^^ to equal I^* 
This frequency can be determined by the 
formula fj. a *159/VlC. 

In figure 1^ there are two paths in which 
current may flow: One through the coll and 
the other through the capacitor. If the gene** 
rator is operating below resonance^ most of 
the current wlli flow In the inducUve branch* 
since at low frequencies Xl is less than 
Xc, The circuit acts inductively. If the gene* 
rator is operating above resonance, most of 
the current will flow In the capacitive branch, 
since Xc is now lower than Xl* The circuit 
is acting capacitlvely. Between these two 
points there Is the resonantfrequency, where 
the inductive current equals the capacitive 
current. At this point \q and II being equal, 
but 180' out of phase, cancel each other and 
the circuit is purely resistive. Total line 
current Is then aresuUofthe resistor and 
is quite small. At resonance, Une current 
Is minimuiD, circuit Impedance Is maximum* 
and the phase angle Is zero. See figure 2, 



MODUX^ 25 

PARALLEL RESONANCE 

A large number of electronic devices con- 
tain parallel resonant circuits. The circuit 
diagram of figure 1 represents a typical 
parallel resonant circuit. The resistor may 
be the resistance of the coil. 





f • " f • 

FREQUENCY FREQUENCY 
Figure 2 BE?4~ii49 
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Figure I 



Figure 3 
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VaryiiiK cither frequency, capacitanco, or 
mductance will caui(e the line current to In- 
crease while circuit impedance decreases* 
Varying the resistance will not effect 
re^jonance, but will effect the Q, thereby 
causing a change in bandwidth. (Q ^ Xj^/n 
and bandwidth s fp/Q.) 

The three-branch parallel resonant circuit 
ditfera slightly from the two-branch cir- 
cuit when calculating Q, Because of the 
separate path for current through the parallel 
resistor, figure 3, the formula for deter- 
mining the quality of the circuit is Q= r/Xl* 
Therefore J 

f xX 
bandwidth ^ i— ? — 



MODULE 26 

THAN3IENTS 

Transients play a very important part in 
electronic circuits, and for this reason they 
should be thoroughly understood. Transient 
voltages and currents come into being as a 
result of the application, change, or removal 
of a voltage from electrical circuit. 
These can be divided into HC and RL 
transients. 

The RC transient begins with the appli- 
cation of a voltage to a series RC circuit. 
See figure I. At first, all the applied 
voltage appears across the resistor. In time, 




AA/V 



Figure 1 



a» the capacitoi* becomes charged, the volt- 
sige drop acroiis the capacitor increases at 
the expense of the voltage drop across the 
resistor. The transient comes to an end 
when the capacitor is charged to the applied 
voltage. Capacitor voltage opposes the applied 
voltage and reduces circuit current and 
resistor voltage to zero. 

The duration of the transient interval 
depends on the value of R times C* The 
product of R in ohms times C in farads 
is the time constant (TC) in seconds. In 
one time constant, the capacitor charges to 
€3% of the applied voltage. For all Intents 
and purposes, the capacitor will be fully 
charged after ^ve time constants. See figure 
2. Using the Universal Time Constant Chart, 

and the formula ^^TC the percentage 

of charge or discharge of a capacitor can 
be calculated for any given time. With this 
information, £^, £p, and the circuit current 
can be determined. 

A second transient occurs when the applied 
voltage is removed and the capacitor is 
allowed to discharge* 

The RL transient begins when a voltage is 
suddenly applied to a series RL circuit. 
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Figure 2. Universal Time Constant Chart 
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Figure 3 

See figure 3. At first, all of the applied 
voltage appears across the inductor. As the 
CEMF of the inductor is overcome, the cir- 
cuit current and the voltage drop across 
the resistor increases. As in the case of 
the RC circuity the transient state is finished 
approximately five time constants after the 
application of voltage. At this time, the 
voltage across the resistor equals the applied 
voltage and current is controlled by the 
resistor. The time constant in seconds is 
equal to L in henrys divided by R in ohms* 
Using the Universal Time Constant Chart and 
Rt 

the formula #TC = the percentage of 

current buildup or decay can be calculated 
for any given time. With this information, 
coil and resistor voltages as well as circuit 
current can be determined* 



The time required for the current in an 
inductive circuit to decaytozero^foUowingan 
initial buildup period^ is also 5 time con* 
stantSt The shape of the voltage waveforms 
during the current buildup and decay are the 
same as those encountered during the charge 
and discharge periods of a capacitor. The 
difference is that the waveform obtained 
across the inductor in the one case is 
obtained across the resistor in the other. 

The manner in which anRC circuit responds 
to the application of a square wave voltage 
has been analyzed. We know that the output 
voltage wave may take any form, ranging 
from that of the input wave to a differen- 
tiated version of the input wave. In the latter 
case^ the output is a series of positive and 
negative going peaked waves. The particular 
shape of the output waveform depends on 

(1) the time constant oi the RC circuit and 

(2) the frequency of the input wave* See 
figure 4t 

In general, as the frequency of the input 
wave becomes higher in relation to the time 
constant of the RC circuit, the more closely 
does the resistor waveform resemble the input 
wave* Conversely, the lower the frequency 
of the input wave in relation to the RC 
time constant, the more differentiated (the 
more peaked) will be the resistor waveform. 
In the first case, the circuit is said to have 
a long time constant, while in the latter, the 
circuit has a short time constant. 
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Tho transient behavior of an RL circuit 
[H annloKous to that of an RC clrculti In 
tile nC circuity the capacitor voUagp bullda 
up cxponontlally with time, while In the RL 
circuit the curren t builds up exponentially. 
Th€ time required for the voltage In the 
on€ case^ and for current In the other, to 
build up to 63% of Its final value Is one 
time constant. In the latter circuit the time 

constant Is ^ . ^ and RC are both measured 

In seconds. For this reason, the Universal 
Time Constant Chart Is as useful In the 
solution of RL circuits a3 It Is In the 
solution of RC circuits. 

The terms SHORT and LONG time con- 
stants have the same meaning with respect 
to RL circuits that they do with respect to 
RC circuits. Accordingly, the waveforms 
from across the Inductor in the RL circuit 
is equivalent to the waveform obtained across 
the resistor In the RC circuit. Similarly 
the voltage waveform obtained across the 
resistor of the RL circuit Is Identical to 
the waveform obtained across the capacitor 
in the RC circuit* 

MODULE 27 
HLTERS 

A filter circuit consists of a combination 
of capacitors^ inductors, and resistors con- 
nected so that they separate unwanted fre^ 
quencies from desired frequencies. In add!- 
tion^ they can separate an AC signal from 
a DC signal. These components^ and or com- 
bination of components, are arranged inbasic 
patterns or sections (identifiable as an "L" 
section, ''T'* section, and "Pi" section) 
to accomplish filtering action. Filter circuits 
may range from very simple to very com- 
plex. Regardless of how simple or complex 
a filter circuit may be, its basic action 
depends on the opposition each of its com- 
ponents presents to either alternating cur* 
rent or direct current. 

Opposition presented to alternating cur- 
rent by a circuit containing inductance and 
resistance will increase as frequency in- 



creases due to the Inductive reactance of the 
inductor. However^ when DC is applied, the 
Inductor presents an opposition for only a 
short tlmo (CEMF)* After the CEMFlSover- 
come, the only opposition to direct current 
la the resistor. 

The opposition to alternating current 
offered by capacitance decreases with an In^ 
crease In frequency due to capacltlve 
reactance* However^ when DC is applied, 
the capacitor offers Infinite opposition after 
the capacitor has charged* 

A series resonant circuit offers little 
opposition to frequencies within the resonant 
band. This circuit will offer more opposi- 
tion to other frequencies, 

A parallel resonant circuit offers a great 
deal of opposition to frequencies within the 
resonant band, while offering very little 
opposition to other frequencies. 

Filters are identified by their action. 
There are four basic types. 

Low Pass Filter, This filter will develop, 
in an output, all frequencies below the cut-" 
off frequency. Frequencies above the cutoff 
will be attenuated to an unusable level. 
Proper selection and arrangement of com- 
ponents establishes the cutoff frequency. 

High Pass Filter, This filter will develop, 
in an output, all frequencies above the cut- 
off frequency. Frequencies below the cutoff 
will be reduced to an unusable level. Proper 
selection and arrangement of components 
establishes the cutoff frequency. 

Band Pass Filter. Thisfllteruses resonant 
circuits. This filter, when properly arranged, 
will develop the resonant band in an output. 
All other frequencies will be reduced to an 
unusable level. 

Band Reject Filter. The band reject filter 
also uses resonant circuits. However, this 
filter will reduce the resonant band to an 
unusable level In the output. All other fre* 
quencies will be developed and allowed to 
pass to the next circuit. 
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la coaclusloa, a filter circuit consists of ^ 
comblaatloa of capacitors, Inductors^ and 
resistors connected so they vrill either perm it 
or reject the passage of frequencies or bands 
of frequencies* 



MODULE 28 

COUPLING 

COUPLING is defined as a means by which 
signals are transferred from one circuit to 
another. Two circuits are said to be coupled 
when they have a common Impedance that 
permits the transferof electrical energy from 
one circuit to another* This common 
Impedance^ called a coupling element, maybe 
a conductor, an inductor, a capacitor, a 
transformer, or a combinatlonof twoormore 
of these components* Coupling circuits 
usually, though not always, perform some 
filtering action In addition to providing a 
means of transferring electrical energyfrom 
one circuit to another. The choice of name 
Is determined by the function of the circuit 
that is of greatest Importance. Basically, 
four types of circuits are used for coupling: 
the directly coupled circuit, the capacltive- 
resistlve coupled circuit, the capacltive' 
inductive type, and the transformer coupled 
circuit. Each circuit has its own advantages 
ajid disadvantages. 

Direct coupling uses a conductor and/or a 
resistor to connect two circuits together,ajid 
provides a direct path for signal currents. 
See figures lA and IB, Thistype of coupling 
provides reproduction of the exact signal 
at the output of the coupling circuit as it 
appeared in the input. It also allows the DC 
voltage to be felt at the output of the coupling 
circuit. In figure IB, the output will be some- 
what lower than the input due to loading 
effect of the resistor. Direct coupling operates 
over a wide frequency range. 

Resistive' capacitive (RC) coupling is used 
when the DC niust be blocked and only the 
AC component passed to the output. The 
capacitor, with its basic action, blocks the 
DC and allows the AC conrponent to be 
developed across the resistor. See figure 2« 
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Care nuist bo taken tti the solecttoti of 
cuniiH)riunta, «l»ould be 1/10 or suiallcr 
tUan tho stzo ot tho resistor over the 
desired band of froquetictcs* This insures 
minimum phase shift v^th maximum transfer 
of energy in the wanted band of frequencies* 



Inductive^capacitive (LC) coupling is 
similar lo RC coupling, but an inductor is 
used in place of the resistor* Basic opera^ 
tion IS the same as BC although the output 



could be greater than the input at resonance 
where « Xl* 

As the name implies^ with transformer 
coupling^ a transformer is used to couple 
two circuits together* A transformer can 
separate alternating current from direct 
current as well as step the input voltage up 
or down* This type of coupling can bo used 
for impedance matching. The transformer is 
expensive^ must be shielded^ and has a limited 
frequency response. It is considered to be 
inductive coupling* 
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Chapter 1 



SEK1E3 WC cmCUITS 



1-1. A -lorieK nC circuit is Q Bevies circuit 
that contains both capacitance and rcslfitance. 
Thl5 ledtfon will add to your knowledge of 
capacitors and rddUtord as they apply to a 
series RC circuit. You will compute the 
voltage drop across each component; total 
current, phase angle, and total Impedance. 

1-2. Impedance Is the totalopposltlon offered 
to the flow of alternating current* This 
oprK>sltlon may consist of any combination of 
resistance, Inductive reactance, or capacltlve 
reactance. The symbol for Impedance is Z 
and the unit of measure Is the ohm. 

1-3, Refer to figure l-t. This figure shows 
a series circuit that contains resistance 
only. 



1^4. Voltage and current In a purely resistive 
circuit are In phase. This can be shown 
graphically with two sine waves* The two sine 
waves pass through zero and reach their 
respective peaks together* This Indicates the 
In^phase relationship, in anyclrcult, the cur- 
rent through a resistor Is in phase with the 
voltage drop across the resistor. 



1-S. Figure 1-2 shows a series circuit con- 
taining only capacitance. Theslnewavesshow 
the capacitor voltage {Zc) lagging capacitor 
current (Ic)* circuit, the current 

through a capacitor leads the capacitor 
voltage drop by dO degrees. Current which 
causes a voltage drop across a capacitor 
is 90 degrees ahead of the voltage ltdevelops. 





Figure 1-1. AC Circuit Containing Resistance 
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Figure 1-2, AC Circuit Containing Capacitance 



1-1 



54 



l-O, Kig^ure 1-3 la a aeries circuit con- 
tainhii; Doth resistance and capacitance » in 
t\\\s circuit* current has one P'^vth; the resistor 
ami capucltor have the H^tne current^ but the 
lihaHe relttlotishlps of figure 1*1 and U2 
hold. To show phase relationships U\ ^hls 
circuit, the phase diagrams for the resistor 
and capacitor must be combined using cur* 
rent ad the reference. The voltage across 
the resistor i^ in pha^e with the current. 
The voltage across the capacitor lags the 
current by 90 degrees as shown in figure 
1-3. The iiistantaneous values of Ep and 
) added together equal the applied voltage 
(E^). Eq Is not shown in figure 1-3B* 
If Ep and E^ are equals E^ lags I by 45 
degrees. This method of showing phase and 
amplitude relationships Is accurate, but can 
become confusing. We can also represent 
Voltage, current, and other forces with a 
simple graphic symbol called a VECTOR, 

1*7. A vector is a line used to represent 
magnitude and direction. The length of the 
Une denotes miignltude. The arrow head on 
one end of the Une shows direction. 

X'Q, Earlier in the course a rotating radius 
vector was used to generateaslne wave, This 



vector started at a liorlzontal position to the 
rights called the * zero reference point**' 
It rotated counterclockwise through 300 
cte^reea* The horizontal vector to the right 
for the zero reference point and the counter- 
clockwise rotation for positive angles are 
iiiAtters of convention. Rotating the vpctor 
clockwise generates a negative angle. 

1-9, Voltage and current do not have true 
direction In terms of three dimensional 
space; but they do have a phase relation- 
ship which can be considered as direction. 
A vector can thus be used to represent 
the ampiitiKle and phase relationships of 
^Voltage and current* 



1-10, The sine waves shown In figure 1*3 
can be represented by vectors. Since current 
Is common to all parts of this series circuit, 
plot the voltages with reference to the 
current* Firsts draw the current reference 
vector^ shown in figure 1*4A, Plot voltage 
across the resistor (Er) in phase with I 
because resistor current and voltage are in- 
phase, (figure 1-4B), Voltage across 
the capacitor Eq lags the current 




PHASE RELATIONSHIPS 
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Figure 1-3, Series Circuit Containing Resistance and Capacitance 





CURRCHT 

REFERENCE VECTOR 



-R 



VOLTAGE 
ACROSS RESISTOR 
IH-PHASE WITH CURRENT 



VOLTAGE ACROSS 
CAPACITOR LAGS . 
ITS CURRENT BY 90 




by 00 
1-4C. 



degrees as 



Figure 1-4 
shown in figure 



I'll, The vticior sum of E^^ and Is the 
applied voltage, E^. To add vectors^ form a 
parallelogram (dotted line) and draw the dia- 
gonal, as shown in figure 1-40* The length of 
the diagonal is the vector sum and represents 
Ea- The angle measured from E^ to I is 
the "phase angle" and Is designated Ihe 
syni^l 9 (theta). The completed vector dia- 
gram now shows total current and resistor 
voltage leading the applied voltage, Also, 
capacitor voltage lags the applied voltage* 
These principles hold true in all capacitlve 
circuits. This inforniation will be used 
later in this chapter: but first let's review 
angles, rectangular coordinate systen). tri-* 
angles, and trigonometric relationships. This 
review gives the mathematical procedures 
needed to correctly use the vectors 
for series RC circuits. Later you will use 
these same mathematical procedures for 
series RL and RCL circuits, 

1-12. An angle is the space between two inter- 
secting straight lines; this is measured in 
degrees. 

1-13. The rotating radius vector forn}s a 
plane angle with the horizontal reference 
line. One quarter ol a full revolution of tlie 
vector forms a 90 degree angle. One half of 
a full revolution forms a 180 degree angle, 
or straight angle, A full revolution forms an 
an^le of 360 degrees and brings the vector 
back to its original position, 

1-14. The horizontal reference line and 
the extended line of the 90 degree angle 



form a rectangular coordinate system. On 
this we plot vectors to show both magnitude 
and direction. Refer to figure 1-5^ 

1-lS. Remember that there are both positive 
and negative numbers In our numbering sys- 
tem. They niay be shown on one scale where 
one direction from a reference point is 
positive and the opposite direction is nega- 
tive. The rectangular coordinate system 
consists essentially of two such number 
scales sel at right angles to each other; 
the zero reference point is called the origin. 
The horizontal axis is commonly called 
the '*X-axis;*' positive to the right and 
negative to the left. The vertical axis is 
commonly referred to as the "Y-axis;" 
positive upward and negative downward. 
The four sections formed by the X and Y 
axis are called ''quadrants:" they are 
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Figure 1-5, Rectangular Coordinate System 
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Identified counterclockwifle I> !!> and 
IV. Tho dividing lines between adjacent 
quadrants are th6 coordinates: fX, ^^Y, -X, 
and -Y* Any of the coordinates could be used 
as a reference* However^ we use fX as the 
reference in our problems* Before using the 
rectangular coordinate system, let's review 
triangles* 

1-16* In any triangle, the sum of the three 
angles is 180 degreest When one angle is a 
right angle, the triangle is a right triangle. 
A right angle is equal to 00 degrees* There- 
fore» the sum of the other two angles in 
the right triangle must also equal 00 degrees. 
In figure 1-6, you can find angle B by 
subtracting angle Afrom 00 degrees. Regard- 
less of how lonf^ the sides are, the sum of 
all three angles equal i80 degrees, 

I^'IT* U you know two sides of a right 
triangle you can solve for the third side by 
arithmetic or by trigonometric functions. 



S UNITS 




4 UNITS 



2S SQUARES 




9 SQUARES 



16 SQUARES 



1-18* By arithmetic. Apply the Pythagorean 
Theorem, which states: In a right triangle 
the square of the hypotenuse is equal to the 
sum of the squares of the two sides* The 
hypotenuse is the longest side of the right 
triangle and opposite the right angle* This can 
be expressed by the formula: c2 s: 
a^ 4^ b^; where c is the hypotenuse and a 
and b are the two sides forming the right 
angle* For example: Refer to figure 1-6A 
and note that the right triangle has 
a hypotenuse of 5 units and sides of 
3 and 4 units. Now look at figure 1**6B 
and you will see that we have squared each 
of the triangle's sides and drawn squares 
to represent this* Count the unit squares to 
prove that c^ = a2 4- b^^ in this example 
52 = 32 + 42 or 25 * 9 4^ 16* Because we 
will always want to know the length of one 
of the sides, we can express the Pythagorean 
Theorem three different ways depending 
on the unknown side* In figure 1-7, 
we will solve tor side *'b/' where 



the hypotenuse is 
is 5* Find side 'V, 



13 and side "a" 
using the formula 
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Figure 1-6 
b = Jc^ - a^ 

b - 5^ =>/l69 - 25 =Vl4r 

b = 12 

NOTE: Your Electronics Handbook, KEP 110, 
has a square and square root table for all 
numbers from 1 through 1000* 



c = 42 +b2 
b= 7c2 - a2 



a= \/c2- b2 



13 UNITS 




Figure 1-7 
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HYPOTENUSE 




"hypotenuse" and their deflnitloni wo can 
use and undercitand tho following; 



I 



3. Ta„,e„.o<a„.„^o(Ta„«)=„^i^ 



Sine e 



Cosine 6 



Tangent 6 



Qptx)3ito 
Hypotenuse 

c 

Adjacent 
Hypotenuse 

c 

Opposite 
Adjacent 

a 
b 



Fle:ure l-8» Right Triangle with Three 
Trigonometric Relationships 

1-19* By trigonometric functions* The sine, 
cosine, and tangent functions are defined for 
angle 0 in the right triangle shown in figure 
1-6* A trigonometric function is simply the 
ratio of one side of a triangle to another 
side of the triangle* 

1-20, In figure 1-8, we will identify the 
angle formed sides c and b as "8" 
(the Greek letter theta). Side c Is the 
"hypotenuse" and side b is the "adjacent" 
side* The adjacent side Is always the side 
of the rtghttriangle that is NOT the hypotenuse 
and forms the second side of the angle 0, 
For example; if we should need to know about 
the angle formed ty sides a and c, then 
side c would be the hypotenuse and side 
a would be the adjacent side* 

1-21* After becomittg thoroughly familiar 
with the terms "opposite*', "adjacent*', and 



Learn these three functions thoroughly flo 
that you can define and visualize them 
readily for either of the two angles ina right 
trlangje that are NOT the right angle* 

1-22* Using angle 0 In figure 1-6^ we can 
define the three principle trigonometric 
functions as follows: 

1* The sine of 0 is equal to the ratio Of 
side a to side c* This would be written 

Sin 0 = ^ 
c 

2* The cosine of 0 is equal to the ratio 
of side b to side c* This would be written 

Cos e=^ 
c 

3* The tangent of 8 is equal to the ratio of 
side a to side b* This would be written 

Tan e = ^* 

1-23* Trigonometric functions are simply 
numbers* They give the relative length of 
one side of a triangle to another side for a 
given angle in the triangle* For example: 
If in figure 1-6, side b is 6 inches and side 

c is 8 inches, then Cos 8 - uS!nL. " 
b 6 

,7S as long as side c 



Hypotenuse 
»7500* This means that side b is 



1-24* An angle of the same value will have 
the same trigonometric value regardless of 
the length of Its two sides* This is true 
because both sides of an angle (not the 
rigtit angle) in a right triangle will extend 
proportionally if the angle's value remains 
the same* Because of this properfy^ a table 
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of trigonometric values was made that lists 
the trigonometric values for any anE^le^Wc 
can use this table to find the valud of an 
angle If we know one of Its trigonometric 
values ( AlsOf using the table we can find 
the trigonometric values If we taiowthevalue 
of the angle* Thld trigonometric table Is 
located In your Electronics Handbook, KEP 
110, figure 31. 



triangle we mean that we determine unknown 
sides and unknown angles* In order to solve 
a right triangle problem^ we must know at 
least two other mrasurenientsofthetrlanfj;lo: 
either two sides or oue side and o;io angle 
(excluding the right an^le). Merely knowing 
two angles will give us no Information about 
the size of the triangle: we must know at 
least one side. 



1-25* The first and seventh columns of the 
trigonometric table in your Electronic Hand- 
book are headed DEG and contain the degrees 
from 0 to 45. reading down. The sixth and 
twelfth columns contain the angles from 45 
degrees to 90 degrees, reading up, For 
angles from 0 degrees to 45 degrees, use the 
column headings Sin, Cos. and Tan at the 
top of the table and read down. For angles 
of 45 degrees to 90 degrees, use the heading 
at the bottom of the table and read up. These 
headings are to the left o! the 45 to 90 degree 
columns. 

1-26. For example: Locate the sine value of 
32 degrees. Since 32 degrees Is between 0 
r.nd 45 degrees, look in the first and seventh 
columns until you locate 32 degrees. Now 
go to the top of the table and find the 
column heading '-sin''. Then come down 
the sin column until you are directly oppc 
site 32 degrees, this Is the sine value for 
an angle of 32 degrees. The sine value for 
32 degrees Is .5299. Let's work another 
e.<ample: Find the sine value of 54 degrees. 
Because 54 degrees is between 45 and 90 
degrees. 106k In the sixth and twelfth col- 
umns (reading up the table) until you locate 
54 degrees. Now go to the bottom of the 
table and to the left find the column labeled 
"sln'\ Then go up the sin column until you 
are directly opposite 54 degrees, this is the 
sine value for an angle of 54 degrees, Thf? 
sine value of 54 degrees Is .8090. 

1-27. U the table does not contain the exact 
angle or function^ we simply take the nearest 
number. 

1-28. Since the trigonometric functions have 
baen defined from the right triangle, the 
solution of a right triangle problem becomes 
a simple procedure. By the '-solution'' of a 



Each equation Involving a trigonometric ratio, 
such as: 



Cos 9 



.4 



contains three quantities* if two of these are 
given, the third can be determined* There* 
fore, to solve a specific problem, you must 
select the trlgonomr>tric function which 
Includes the unknown part and the two known 
parts. 

1'29. Refer to figure 1*9 and find angle 
9. Since we know the side opposite and the 
side adjacent, we can use the tangent function 
to find the angle 9. 
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Solution. 



Figure 1-9 



Tan 9 - 



Opposite 
Adjacent 



b 



40 

Tan 9 ^ ^ 



Tan 9 



1*3333 



Now look in the Tan column of your Trlgono- 
ml^tric Table until you find U3333. The exact 
number is not there: the nearest numt^er is 
1 .3319, so angle 9 Is approximately 53.1 degrees. 
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1-30, Now UflO the Inlormatlon Irom flRurc 
I-IO and rirul im^lc 8. AS we arc given the 
[ipp^i^i^c sklc unci tUc Uypotenuao, wo can use 
tlir smo rutictlon to Hnd the vnluc of angle 8. 



c 100 




= B0 



BSP4-343 

Figure I- 10 



Solution: 



Sin e = 



Opposite _ a 
Hypotenuse " c 

ao 



Sin a .8000 



1-33, Sine wave voltage causes sine wave 
current In rosistivo and capacltlve circuits. 
The voltage and current are In phase In 
purely resistive circuits. This relationship 
ean be expressed by waveshapes, as shown 
In figure l-llBj or as vectors shown In 
figure MIC, In figure MIB* the waveshape 
for Ea SB the result of adding the waveshapes 
for Ebi and Erj 8«t ^a' ^ ^^^^le vector 
diagram (figure l-llc(4} shows this addition. 
Then we show a vector for total current (I )• 
The current Is the same throughout a series 
circuit. Since voltage and current are in- 
phasfc in a resistive circuit, we candlspUy 
I ^ E«p Ep2» and E^ on the same line In a 
vector diagram as shown In figure l*llC(6). 
The vector diagrams are much easier to work 
with than the waveshapes in figure l-llB. 



Sin d s .8000 

Now look in the Sin column to find ,8000, 
The exact numlaer Is not there; but the 
nearest number is .7997, so angle e is 
approximately 53,1 degrees. 

1-31, Now that you know the angle, you can 
find the length of the other side by using 
the cosine function: 

Adjacent _ ^ 
Cos 53,1 degrees = Hypotenuse 100 

Find the cosine of 53,1 degrees in the 
table; U is -6004, 



Now substitute: 



.6004 ^ 



100 



b * 60,04 ^ 60 



1-32, Now we are ready to apply angles, 
triantiles. rectangular coordinate systems, 
atul trigonometric functions to solving AC 
circuit problems. 
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Figure 1-12 



1'34. In a purely capacitlve circuit, the cur- 
rent is 90 degrees ahead ofthe voltage across 
the capacitors. These relationships are shown 
in figure 1*12. The two capacitlve voltages 
added together equal the applied voltage. 

1'35. vVe have represented a pure resistive 
circuit and a pure capacitlve circuit by 
vectors. Now we are going to represent a 
series circuit containing both resistance and 
capacitance by vectors. To start, we must 
select a common point for both the capacitor 
and resistor vectors. Since we are working 
with a series circuit our common point 
will bf* curr<*nt. 'Afhy? Because thesamer,ur' 
rent flows tiii oui^hoiit a series circuit. I^^Ip^ 
and I are the same. Knowing this, we can 
draw the vectors as shown in figure 1-13A. 

Ep is on the same line as I because volt- 
age and current are in-phase in a resistor. 

Is 90 degrees behind I as voltage lags 
current by 90 degrees for a capacitor. E^ 
is the vector sum of Ep and E^;^ Therefore 
we can draw the vector for E^ as shown in 
figure 1-13B< We may determine the vector 
sum through the use of the Pythagorem 
Theorem. 



1-36. Since the voltage drop for a resistor 
(Ep) is developed across its resistance, 
we place the vector for R on the same line 
as Ed* AlsOf the voltage drop for a capa- 
citor is developed across its capacitlve reac- 
tance (X^^). Thus we place a vector for 
on the sam<? line as Ec* This is shown in 
figure 1-13C. We can also draw a vector 
for total Impedance (z ) on the same line 
as E^ since applied voltage is felt across 
the total opposition to current flow In a 
circuit. We now have a voltage vector dia- 
gram showing the current and all voltages 
and an impedance vector diagram showing 
all oppositions to current flow. 

1-37. The impedance vector diagram wris 
placed on top of tlie \'Oltage vector diagram 
to show relationship between voltage and 
impedance. However, in practical use^ we 
se parate the two vector diagrams . The 
impedance vector diagram is shown infigure 
1-14A. For impedance vector diagrams the 
resistance vector (R) will be the reference 
andplottedatzerodegrees* The impedance 
angle (9) is formf>d by the R and Z 
vectors. 
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Figure UU 

1-38, The voltage vector diagram is shown 
in figure 1->UB, However, for voltage vector 
diagrams, is used as the reference point 
and plotted at zero degrees. To do this we 
simply rotate the voltage vector diagram 



(in the direction Bhomi U\ figure 1->UB) 
until iMattliozorodeRroi^ reference ai9 
shown in figure 1-14C. Angle 0 is formed 
by the and I vectors and the E^ vector* 
This angle tcils us how much the total 
current is leading the applied voltage. It 
also tells us how ai-ch the voltage drop 
across the resistor is leading the applied 
voltage. The angle formed by the E^ vector 
and the vector tells us how much the 
capacitive voltage is lagging the applied 
voltage. This angle can be determined by 
subtracting angle d from 90 degrees as there 
is always 90 degrees between Ep and Ec* 
Notice that angle 0 on the impedance vector 
diagram has the same value as angle do^ the 
voltage vector diagrams^ but has the opposite 
sign. 



1-39. Having combined resistive and capaci- 
tive components, we are going to solve series 
RC circuit problems* Figure l-lSAis a series 
RC circuit with an AC voltage applied* We 
are going to solve for total impedance, phase 



R = 3K n/X^ 




SKr. /-S3. 



= BOV /36.9' 



= lOOV A! 



Figure 1- lb 



1-9 
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G2 



anglOi current, and the voltage acroflff each 
component 4 

1"40* To dGtermlne total Impedance^ Z, 
draw an impedance vector diagram as stiown 
in figure I^^ISB* Draw ttie diagram to scale* 
Ttie 3 k otim resistor vector Is drawn along 
ttie zero degree reference line* The 4 k ohm 
capacltlve reactance vector i3 drawn at *90 
degreeSi To determine the location of the 
Z vector, construct a rectangle using the H 
and vectors as the sides. This is shown 
by the dotted lines In figure 1-lSB* The Z 
vector is drawn as the diagonal of the 
rectangle* The length of the Z vector repre* 
sents the value of Z* Natice InQgure 1-lSB 
that Z is the hypotenuse and H and form 
the sides of a right triangle. Tofindthe value 
of Z, use the Pythagorean Theorem* The 



COS 0 



12 2 

basic formula, c^a +b , can be converted 



to Z 



Solution: 



Cos 0 ^ 6000 



. 2 2 



0 => 53*1 degrees 

The exact value of *6000 is not in the trigo- 
nometric table, tnit the nearest value ts 
.6004* So angle 6 is approximately 53*1 
degrees. 

1-42* The complete expression for Imped- 
ance In this problem is Z ^ 5 \i^2z5LX 
degrees. The Impedance an^e is negative 
because it is CW from the zero degree 

reference line* The symbol I Is short 

hand for "an angle of"* Figure 1-15B Is 
now complete. 

1-43* To determine total current, use Ohms 
Law for AC circuits. In DC circuits^ total 
current is equal to the applied voltage 
divided by the total resistance* In AC cir^ 
cults^ total current equals theapplledvoltage 
divided b^ total impedance* In formula form: 

1 A 



(3xl0^)^f(4xl0^^ 



= 7(9x10^} f (16x10^) 

= ySxio^ 



5 X 10 or 5 k ohms 



1-41* To determine the phase angle between 
the H vector and the Z vector^ use the 
Impedance vector diagram of figure 1-15B 
and the trigonometric functions. Because 
we know two sides of the right triangle, F 
and Z, we can use the cosine function tc 
determine angle 9. 



Cos Q 



adjacent 
hypotenuse 



Cos Q =-|- 



100 V ^ JC|2 



5kZ^52Jj 



20 mA /53.r 



1-44* In the formula for current* the voltage 
was listed at 0 decrees, '^hen drawing 
voltage vectors, Eg is drawn at the zero 
reference point. The phase angles for E^f 
Eq and I are measured from the Ea vector. 

1-45* Phase angles for vectors are treated 
much like the exponents were treatedforpow- 
ers of ten* To multiply two magnitudes at dif- 
ferent anglesi add the angles* To divide two 
magnitudes at different angles, subtract the 
angle in the denominator fromtbe angle In the 
numerator* In the previous problem 5 kQ 
/-53,r divided into 100 V /O' equaLs 20 ium\ 
Z5il!* The positive angle indicates that cur- 
rent is leading the applied voltage by 53, l^ 
A negative angle would Indicate a lag- 
ging condition. 
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1-40, To determine tho voUaRO drop acroas 
#?arli i*otuiK)nont» uso Ohms Law* 

« (20 mA tiiaa.')x(3tl0^fl iSlL ) 

CO V 

= (20 mA .53.r )x (4x 10^ /-aO" ) 
= 80 V /-36.9'' 



r, tor sldp a, and Er foralclo b, Ttion the 
formula a i v'c^ - , bccomcD 



NOTE: Look In your Electronic Handbook 
for the squared numbers, 

= J50,625 - 32,400 



1-47* Figure 1-15C showj the complete volt- 
a^;e vector diagram with the current vector 
Itu'luded, The voltage across the resistor is 
in phase with the current: the voltage across 
the capacitor is 90' behind the current; 
and the applied voltage is 53,1' behind the 
current* Notice* that phase angle relation* 
ships of the voltage vector diagram are the 
san^e as for the impedance vector diagram^ 
Wnen we multiplied each impedance by the 
current, the diagram of figure U15B changes 
to that of figure 1-15C* Remember that the 
voltage vector dlagram^s change in position 
was caused by rotating it to place Ea at 
the zero degree reference point* 

1-48, Now, let^s solve another problem. 
Refer to figure 1*16, Our first step In solving 
this problem is to find the voltage drop 
across the resistor. We use the Pythagorean 
Theorem to do this. Substitute E^ for side 



=^/ 18,225 

NOTE: Look in your Electronic Handbook 
for the square root, 

Er - 135 V 

1-49* The next step is to find 1, Knowing 
the voltage drop across the resistor and the 
size of th^ re.jiilor, we cancalculate current 
using Ohm's Law because the current is the 
same throughout a series circuit, 

, 135 V , 
f = — = ::-=; 15 mA 



9 X lO^fl 



Next car be found: 



180 V 



15 X lO'^A 



12 k£3 




FEP4-2S2 



Figure 1-16 
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Then: 



Z a 



Using Voltage Vectors 



Cos 6.J%£St_ 
hypotenuse 



Z 
Z 



225 V 
15 X lO'^ A 

15 X 10*"^ fl 



1-50, With the impedance information we 
hive we can find angle 6 with trigonometric 
functions. 

Using Impedance Vectors 
adjacent 



Cos6 



COS 6 



hypotenuse 
9 kfl 



Cos 6 := *6000 



Cos 6 » 



135 V 
225 V 



COS 6 £ ,6000 
e« 53,1" 

1*51, The complete voltage and impedance 
vector diagrams are show:i in figure 1-17, 
Once we have angle Otitis simple to calculate 
the other angles if we remember that 
and R are plotted at zero degrees and that 
there are 90 degrees between Hp and 



and between R and X 



N52, Let work another problem ^vith dif- 
ferent values. Refer to figure 1-16. 



First step: Use the formula = , 
find Xj,. 



.159 



to 



.159 
fC 



.159 



.139 



53 X (.5 X 10~^) 25.5 X 10~^ 




riEI'-t-2003 

FiEure 1-17 

1-12 65 



5^ 



En ^? 




6„ ^ SOV 




R = 8Kn 



PI:P4-2005 



.159 X 10^ 159,000 



26.5 



= 6 k £1 



Next find Z . 

Z 



26.5 



Figure 1-16 



Fourth: Find the impedance angle. 



2 lOkp 
Cos 0 = ,8000 

0 ^ 36,9* 



-.3,2 ......3,2 



X lO'') f (6x lO'') 



=/i6rir7o^r~<~(367To^ =/lOOx 10^ 



Z = 10 X 10 = 10 k SI 



Fifth: Find the voltage drop across the 
resistor. 



Ej^ = IR r. (5x 10"^)x(8 X 10*3) = 40 V 



Third: Find I . 



I = 



^ 10 X lO^fl 



=5xlO-3 = 5mA 



Sixth: Find the voltage drop across the 
capacitor 
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rieveiUh; Plot the voUtMio and impedance 
vectovH. noior to tlgure 1-10. 




Figure 1-19 



C7 



Chapter 2 



SERIES RL AND RCL CIRCUITS 



This lesson covens aeries RL and RCL 
circuital You will determine voltage drops, 
current^ phase angle, and impedance asso- 
ciated with RL and RCL series circuits* 
You will extend your knowledge of: vector 
analysis, use of the Pythagorean Theorem, 
rectangular coordinates, and trigonometric 
functions OS they apply to these circuits. 

2^2* Recall that inductance opposes a change 
in current* The expanding and collapsing 
magnetic field cuts across the conductors 
and induces a counter emt (CEMF) wlUch 
opposes the current change* The opposing 
force 13 such that, when a sine wave of 
voltage is applied, the current through a 
pure Inductance lags by 90** 

2*3* Now consider a simple series circuit 
(one path for current) which contains a 
resistor and an inductor. Refer to figure 
2*IA* We know that resistor voltage and 
current are in phase. We also know that 



tho current through the coil lags the voltage 
across the coll by 00*** These Phase rela- 
tionships are shown in figure 2-lB. At time 
T2, the maximum positive voltage appears 
across the coil; and the current has just 
begun to flow in the positive direction* Cur- 
rent increases to maxim^im flO** later at T4» 

2-4* The current and voltage waveshapes 
across the resistor are in phase* Current 
lags the voltage across the Jinductorby flO** 
The current in the coil is the same as the 
current in the resistor* We can plot the 
voltage vectors with current as the reference 
(figure 2-2)* Figure 2-1 shows Ep larger 
than Plot these values and draw the 
rectangles . 

2-5* Connecting points A and B gives the 
magnitude anddlrectlon of theapplled voltage* 
The angle formed by and 1 is the phase 
angle 9* The sign of the phase angle depends 
on the current vector position with reference 



^0 ^1 ^2 ^3 ^ ^5 ^6 ^7 ^8 ^9 ^10 
I I I I I I I I I I I 




B 

PHASE RELATIONS 



Figure 2-1 
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hi 



Figure 2-2 

to the applied voltage. The phase angle Is 
negative. Inductive circuit current lags the 
applied voltage. Using E as the reference, 
the vector diagram would be as shown in 
figure 2*3. The current vector still has a 
negative angle. The Impedance vector 
diagram is shown In figure 2-4. 

2-6. Note that the Impedance angle In the 
Impedance diagram has the same value as 
the current phase angle in the voltage 
vector diagram, but the Impedance phase 
angle is positive. Remember the Impedance 
plane angle is measured Irom the resist- 
ance vector. 

2-7. Now, let's solve lor the unknown values 
lor the circuit ol figure 2-5. First, It is 
wlge to look at the known value ol any 



Figure 2-4 

circuit; then decide how to proceed. We 
find that we have the values of Eg^» 
and R. 

2-8. First, solve lor Impedance and phase 
angle. 



= ^36 f 64 =y 100 

adjacent 6 
® ^ hypotenuse ^ VT 

0 = 53.r 



= 10 ohms 
= .6000 




Figure 2-3 



©\00 VAC 



R=6o- 



Figure 2-5 
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Thon riolvd for current* 

■ .5. 



225V 



1 kHt 




MP4-3«6 



Heuce; 

Ep = I n ^ (10 iiSaU.") X (6/fl:) => 6QV /»53.1' 



Then; 



Figure 2-7 



X, « 2'rfL » (6.29yx(i X io^)x(io X 10"^) 

e 62.8 or 63 fl 



Z ^R^ f X^^ 



/(2l6)2 +(63)2 



Z s \/46,656 f 3,969 = 750.625 



Next plot and label the voltage vectors. 



Z « 225 ohms 
Impedance vectors; 



Z = 2250 




ion 



Figure 2-6 




cos 9 = ^^^^^ - -HI-' .9600 
hypotenuse 225fl 



2-9, Now, let's solve the circuit shown In 
figure 2-7. 



9 = 16.3" 

225V ^ ^ ^; 
" 2250 /16.3° 



lA Al6.3° 
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Ej^ « I X n a (I A iULD X (210n^} impedance vectors: 



- 21flv /-16,0' 
E^^ ^ 1 X X^^ Ml A /-ICS" ) X (63 mi) 

= 63V /?3.?° 
Voltage vectors; 




2 = 13Kfl 




Figure 2-9 



Figure 2-U 



E = ! Z - (5 X 10"^) X (13 X 10^) = 65 V 



Ej^ = J Xj^ = (5 X 10^^} X (12 X 10^} = 60 V 



Ej^ ^ I R = ( 5 X lO'^ X (5 X 10^ ^ 25 V 



2-10, Let's try one more problem (figure 
2-10): 



Voltage vectors when current Is used as the 
reference: 




Z ^ 



Figure 2-10 

Lj 



J^^7ZX2 3.2 



X lO"")' ^■ (12x lO"")' 



- 60V 




Er.25V 



Figure 2-12 



\j (25 X 10^ 4- (144 X 10®) 



\/l69 X 10® = 13 X 10^ 



COS 6 = ""^ 
hypotenuse 



25 
65 



= .3646 



13 k ohms 



6 = 67.4° 
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REP4'52? 



Figure 2-13 

In Inductive circuits the current always lags 
the applied voltage, The phase angle Is 
negative. 

2-11, The next circuit we will discuss in 
this lesson is a series HCL circuity figure 
2-14, 




2-14* First draw a vector diagram for the 
Impedance values. See figure 2-16. 

2-15. The resistance of the circuit is 12 
ohms. This is shown as 12 units on the 
horizontal axis. As before^ plot capacltlve 
reactance at -90* and inductive reactance 
at +90\ Note that and are 180* 
out of phase with each other. The net 
reactance^ therefore^ is Xl, * X^> or 5 
ohms of inductive reactance* This is shown 
as 5 units at / f90^ . because Xj^ Is larger 
than X^* The solid line drawn from point A 
to B is the vector sum of all three values. 
It represents total opposition to the current 
flow. Calculate for impedance by using the 
formula: 



Z 



Figure 2*14 



2-16. Find the Impedance angle using the 
vector diagram (figure 2-16): 



2-12* This type circuit contains a resistor, 
a capacitor^ and an inductor connected in 
series* The capacitive reactance causes the 
voltage to lag the current* The inductive 
reactance causes the voltage to lead the 
current. Thus, the two reactances are oppo- 
site in effect; X^ and are 180* out of 
phase. See figure 2-15. 

2-13, U L is in henries, to find X^, "Se the 
formula Xj^ = 27rfL, If C is in farads, to 
find X^t use the formula 



" 27rfC 



Cos e 3 



adjacent 
hypotenuse 



1?^ 



= *9231 



i = no 




X^^-X^.50 


1 = 

1 

1 
1 


X^ =60 


w 







BEP4-37Q 



Figure 2-16 



2-5 



ERIC 



Look itt the table (figure 3U kEP 110) to 
Z * I3fl /22,6' 



2*17. Now that we know the Impedance^ It is 
an easy matter to find the current. Uae 
Ohm's Law and substitute Z in place of R 
in the formula. . 

The formula now becomes: 

^ ^'Z" UQhZ^ ' ^""P^ ^^^^ 

2*18. Current In a series circuit isthesame 
throughout the circuit; therefore^ we can 
use Ohm's Law to find the voltage drop 
across each component. 

=IB»(2A^;222jl*)3t(12QZ0:)«24 V /■22.6^ 

This 24 volts across the resistor Is lagging 
by 22.6*. Now to find the voltage drop 
across the inductor; 

^L ^ ^L * ^ ZzSM:) X (UflZSfl!) 
= 22 V / 67.4^ 



So , wd have 22 volts across the coU. This 
voltage is leading E^ by 67.4**. 

Next, let us find E-,* 



Ec = DCc = (2 A /-22,6' 1 x (6Q ZlSfl!) 

= 12 V /-112.6^ 

There we have 12 volts across the capacitor 
and this voltage lags E^ by 112.6*. 

2-19. It is usually an aid to sketch the vec- 
tors as you solve the problem, such as figure 
2-17, 

2-20. Notice that the current is inphasewlth 
the resistor voltage, lags inductor voltage by 
90* and leads capacitor voltage by 90*. 




Figure 2-17 



2-21* The voltage drops across the two reac- 
tive components are in opposite directions, 
or 180* out of phase. This is true in any 
series AC circuit containing Xj^ and X^y, 



2-22. Figure 2-17 shows the vector sum of 
El, and E^; is 10 volts. This vector com- 
bined with Ep» which is 24 volts, equals 
26 volts. Check for accuracy using the 
Pythagorean Theorem; 



= y 24^ +(22- 12)^ 

E = y 24^ + 10^ 

E = \f616 
a. 

E = 26 V 
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2-23. Lot's try jjiiotUer circuit (rigurt) 2-26, Find total current ntict the voltage 
^-IH). nnroSM each componont. 



, ^ 100 V 0" , . „ / 



— Wr- 

R son 



CWioov 



Xl ^- 900 n 



ReP4'3?3 



(1.4A zjdS!) X (50 n Zfl!) 



'^C ' "Oil ^ 70 y ^.45t 



= IX^ = fl.4 A /-45° lxfa5Qn /-90' 



1190 V /-135' 



Figure 2-18 



In solving this problem subtract the smaller 
reactance from the large.- reactance. In this 
case, Xl - X^ is 50 ohms. The resulting 
impedance has the same opposition to AC 
as a resistor of 50 ohms in series with an 
inductor having a reactance of 50 ohms. 

2-24. Now find the impedance value: 



= ^50^ + 50^ 



^ V5OOO 



E, = IX, - (1.4 A /-45° 1 X (900 n /gO' l 
= 1260 V /45I 



2-27, Now we can plot the voltage vectors to 
see their relative positions and phase rela- 
tionships. Refer to figure 2-19, 




REP4*3?4 

70,7 £3 

Figure 2-19 



2-25, Next solve for phase angle; 
Cose=-L=iO^= 7071 

e = 45= 



2-28. Observe that the voltage across the coil 
and capacitor are much lai-ger than the 
applied voltage. Since these values are In 
opposite directions (180'^ out of phase), the 
effective voltage across the two reactances 
Is 70 volts. The vector sum of reactive and 
resistive voltage equals the applied voltage. 



2-7 



ERIC 



74 



67 



Chapter 3 



SEHIES nc, HL, AND HCL CIHCUITS 



3-1. This W^Bon cllscufisea the tactors 
affocttng pow^r In serlea HC, RL and HCL 
circuits. 

Remember that power Is deilaed as the 
' rrttc ot doing work*' Electrically, It Is 
expressed In watts, or In kilowatts (thou- 
sands of wa^ts). 

3-3. In DC, or purely resistive AC circuits^ 
power Is simple to calculate. Current Is maxi- 
mum when the voltage Is maximum; or In 
other wordSt current and voltage are In 
phase* Power equals voUage times current. 
Maxin^um power Is delivered to the load. 

3-4. However, In reactive circuits, current 
wUl be either leading or lagging the applied 
voltage. That is, tne current and applied 
voUage are out ot phase. Power delivered to 
the load Is not equal to applied voltage times 
current, 

3-5. Figure 3-1 Illustrates current^ voltage^ 
and power In an AC resistive circuit. The 
waveforms Indicate Instantaneous values. 

3-6. Em and Im denote maximum or peak 
values of voltage and current, respectively. 



Note that voltage and current reach their 
maximum positive (above the zero line) and 
maximum negative (below tlie zero line) 
peaks together (in-phaae). 

3"7. Note that the power pulses are all 
positive. It's simple to understand when 
you remember algebraic multiplication* (A 
negative times a negative equals a positive)* 
Resistive power gives ott heat or light or 
is used in doing other *'work." This is 
called true power, Pt» 

3-a. In the case of resistive AC circuits, 
true power can be found by the following 
formulas: 



P^ = E X 1 



P^ = 1 X R 



t 



3-9* Figure 3-1 shows Pm as the peak 
power when peak values of current and volt- 
ages are m altiplied* Calculating with effective 
(rms) values of voltage or current results in 
average power P^^ 



CURRENT 
VOLTAGE 



POWER 



AVERAGE 
POWER 




BEP4^33I 



Figure 3-1 



3-1 




u 





;3 



CURRENT 

AND 
VOLTAGE 
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5 


1 




k 




i 


f 




f 




f 




m 
1 








^ 1 


VECTOR DIAGRAM 



AVEq^GE 
POWtR 



E 



Figure 3-2 

3-10- Now, note figure 3-2- It represents 
current, voltages, and power In a purely 
capacltive circuit, 

3' 1 1 . The product of Instantaneous values of 
the 90^ out-of-phase values of current and 
voltage gives a wiveform having positive 
and negative values. (Multiplying like signs 
gives plus, and unlike signs gives minus). 
Changing every quarter cycle, figure 3-2 
shows first positive current and negative 
voltage; then both are positive; then positive 
voltage and negative current; then both are 
negative* You can see that the average power 
In a purely capacltive circuit is zero (equal 
amounts above and belOw the zero reference 
line). 
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Figure 3-3 



3-12. What iB actually happening Is that the 
capacitor fiftar^i* 0[ier(fy on one half alter- 
nation; It returns It on the next half ;iltpr^ 
nation. So, no energy Is ACTUALLY us^d, 
alttiOugti there is an APPARENT expuntUturu 
of energy* TlilsapparontoxpencUtureoI^uerfiy 
Is caUed apparent powcr^ P.^. 

3-13. The same operation toJkes place In a 
purely inductive circuit* The coll stores 
energy on one half alternation, and returns 
it on the next half alternation* The average 
power of a purely Inductive circuit zero* 



3-14* Figure 3-3 shows the current, voltage, 
and power relationships In a circuit con- 
taining resistance and Inductance. (Thesame 
type of analysis could be applied to a 
resistance' capacitance circuit; except that 
current leads the voltage across the capacitor)* 



3-15* In figure 3^3 the voltage leads the 
current by an angle equal to theta (6)* 
Since the voltage leads current by the phase 
angle, there ts a period (equal to the phase 
angle) when the product of E and I is nega* 
tive* This is the period of time when stored 
energy Is returned to the circuit from the 
colL 



3*16* You know howtofind impedance values* 
voltage drops, currents, and phase angles, In 
RC, RL, and RCL series circuits* If you have 
forgotten, review now before proceeding 
further* 

3-n* Now you can say that in an AC circuit 
two types of power are known to exist. These 
are true power (P^)^ andapparentpower(P^)* 

3-18* Let's give these two terms a deflni- 
tlont True Power Is the actual power dissi- 
pated by the resistance of the circuit and is 
expressed In watts. An example is power 
loss in the form of heat* Apparent Power 
is the product of current and voltage, and is 
expressed In volt-amperes. The reactive 
components of a circuit '^apparently'* dissi- 
pate power: but actually do not* 
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[Expressed as equations; 



« X I 



R 




?r Ej. a SOV 



Ep> 3SV 



Pa = Ex I 



Where: 

is true power expressed in watts* 

P is apparent power expressed in volt- 
amperes 

E is applied voltage 
a 

Z is impedance 

is voltage across circuit resistance 

3-19* Now you know the difference between 
true power and apparent power; let's work 
problems concerning tme power and apparent 
power, 

3-20, In the circuit of figure 3-4, determine 
Pg and P^* 

Solution: Draw two vectors to represent 
and Eq, (Refer to figure 3-4)* 

First, solve for E : 




Figure 3-4 



Now, solve for current: 

^ =^ ' 152*5 mA 



Next^ solve for apparent power: 



P = E I = 61 V X 152*5 mA = 9,3 VA 
a a 



JeJTeJ ^35^ 4-50^ 



= \/3725 = 61V 



Finally, solve for true power 



Pj = E^^ X I • 35V X 152,S mA =■ 5.34 watts 
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3-^21. A mctlve olomont In a circuit 
requires power which Is not dlSfflpatcd^ If 
wo acid an opposite element to balance out 
the reactive effect (hc^, add X^, equal to 
50 that ^ Xi^)t the circuit bcconios 
purely resistive; and all power Isdlsslpatedi 

3->22i With these facts In mind, let's proceed 
to the next Item of discussion. This is the 
Power Factor or PF^ 

3-23* Power Factor Is the ratio between true 
power and apparent power. 

Power Factor = J'^'S^Lr or PF A 
apparent power p 

* a 



3"26i U Impedance is multiplied by current* 
we obtain the voltage drop across the 
Impedance* We can apply this to the vector 
diagrams of figure 3-5. First, multiply each 
IMPEDANCE vector by the current, and we 
have a VOLTAGE vector diagram* 

3-26* Now, multiply each voltnge vector by 
current and what do we have? Power, of 
course. 



true power „ t 

Apparent Power » ^ — : — orP^ = r^r 

power factor a PF 



or, w'i can also say that; 

True power = Apparent power x Power Factor 

or P. = P X PF 

t a 



I P (reactive) 

Li 



3-27, We can plot these values, using current 
as the reference; we see the power relation- 
ship. The vector sum of resistive power 
(P^) and reactive power is apparent power. 
The ratio of true power to apparent power, 
is defined as power factor; it is also the 
cosine of the phase angle. 



3-24, Let's review vector diagrams to better 
understand the phase relationships. Given an 
RL circuit, we can plot the vector diagrams 
(figure 3-5). 



CIRCUIT 




VOLTAGE 
VECTORS 



3-28. We can use the vector diagram3 and 
express power factor in four ways: 

P. 

PF = 



t 




IS4PEDANCE 
VECTORS 




Figure 3*5 



POWER VECTORS 
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PF = Cos 6 



3-29. Now let's worksome problems to apply 
these principles: A circuit has an apparent 
power of 500 volt-amperes and a power 
factor of .7071. What is the true power? 



P, = P X PF = 500VA X .7071 a 353.55 watts 

You can see it's easy to find the true power 
when Pa and PF are known. To check this 
answer; divide true power by power factor 

Pt 

(rrj and the answer will be APPARENl 

POW'£R, 500 volt-amps. Now, proceed to 

find PF* Use the sani<^ figures that were 

used for P. and P • 
t a 



Power Factor 



PF 



True Power 
Apparent Power 

353*55 watts 
500 volt-amps 



.7071 



Expressed as a percent this power factor 
equals 70.7%. 

3-30. Let's solve another problem. Using 
figure 3-6, solve for impedance* phase angle, 
power factor, current, apparent power, and 
true power. 



Z = ^/900 ¥ 1600 



50 XU 



At what angle is the 50 ohms of impedance? 
Use the COSINE FUNCTION to find out* 




Figure 3-6 
Cos e = I = = .6000 



Q = 53.r 

Also the power factor Is equal to the cosine 
of the angle 6. 

PF = Cos 0 
PF = .6000or6O% 
Continuing with the problem: 



P = EI =^ 100 V x2 A i 200 volt-amperes 
a A 

- Cos 0 = 200 VA x.6 = 120 watts 

3-31. For figure 3-7, first find Z by the 
Pythagorean Theorem: 



Z = "\/l2x 10^)^ + (5x 10^)^ 
= '\Jl44x 10^ + 25 X 10^ 



169 X 10 



13 X 10 or 1300^1. 
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Figure 3-7 



Then solve for current: 
E 

* z 

130 V 
1300 Q 

- ,1 A 

NOW calculate apparent power: 

P = E 1 

a a 

= 130 V X .1 A 
= 13 VA 

Now we are ready for true power: 
2 

- (.1 A) i200fl 
= .01 X 1200 

= 12 W 
Finally solve for PF: 



PF = 



t 



* 12 W 
13 VA 

^ ,0231 



3-32. If you have an nCL clrcuitt you can 
use the same method for finding P^, Pa, 
and PF. But you must first find the dif- 
ference between X. and See figure 
3-8. ^ ^ 



X = 1000 Q 
c 



R ^ 800t3 



Y 3000 0 



X^^ = 2000 0 




= 8000 



REP4^338 

Figure 3-8 



First, we wUl take - (2000 - 1000). 
This gives us a net reactance of X|^ = lOOO 
ohms in series with H = 800 Ohms. 



Now solve for Z: 



= V(800)^ + (1000)^ 



'm X 10" 

= 1280 n 



3-6 



80 



Next dutermine curront: 
, '^ii 12BV 

Now calculate P : 



P = E X I = 128V X .lA 
a a 



12.0 VA 



Next solve lor P^i 
Pj*I^ xn-(.lA)^x800 



1 .01 x.BOO 
« 8 W 

Finally ddtdrmlne PF: 



PF - — 

12.8 VA 

» .6258 



erJc 
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Chaptitr 4 



PARALLEL ItC, RL, AND RCL CIRCUITS 



Wt! learned many things In jstudylnt; 
DC parallol circuits that we can apply to 
AC parallel circuits. Wc found that the 
applied voltago is common to all components 
and total current Is the sum of the branch 
cut retUH* In AC parallel circuits voltagf^ 
is common to aU branches and total currtjnt 
is the VECTOR sum of the branch currents. 

4->2, As you know» current leads voltage 
across a capacitor by 90*. In a coll, current 
la^s the voltage across the coll by 90^. 
This chapter discusses current^ voltage, and 
power relationships In parallel RC, RL, 
and RCL circuits, 

4-3. Let's use a parallel RCL circuit, 
as shown In figure Observe that the 
applied voltage (E^) is common to the 
resistor^ capacitor, and coil. We will plot 
the various current vectors with reference 
to the applied voltage. 





Figure 4-3 

4-6. The current through a coll lags the 
Inductor voltage by 90* • The vectors arc 
as shown In figure 4-4* 

I ^^'^L 



Figure 4-4 

4-7, If we plot all three vectors on the same 
reference^ we have a vector diagram for a 
parallel RCL Circuit. Refer to figure 4-5, 



PEP4'283 



Figure 4-1 



4-4. We know that the current through a 
resistor is in phase with the resistor volt- 
age. So the vectors are as shown in figure 
4-2. 



PEP4'287 



Figure 4-5 



4-8» Now, we will discuss how to solve for 
branch currents^ total current, total imped- 
ance, and phase angle (Theta 9)* 

4-9» Let's solve for these values in the 
parallel circuit Illustrated in figure 4-6* 



REP4'284 



Figure 4-2 

4-5, The current through a capacitor leads 
the capacitor voltage by 90*» The vectors are 
as shown in figure 4-3. 




^^^^ 60V R » 3q 
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Figure 4-6 
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4*10. The applied 60 voUn is felt ^cvchb 
the rotsltston It id Ukowliie f^lt across the 
capacitor, We can uue Ohm's Uw to find 
and 1^. 



4-11. We hav^ 20 amps through the resistor 
and 15 amps through the capacitor. Now» we 
must observe the phase relationships of 
these currents. The total current is the 
vector sum of the Individual branch cur- 
rents, TaJce a look at the vectors that repre* 
sent the current in our circuit in figure 
4-7. 




PEP4-2B9 

Figure 4-7 

4" 12. Current through the capacitor and 
current through the resistor are 90' out of 
phase* To add the vectors, we complete a 
parallelogram as shown by the broken lines; 
the resultant Is total current. The value of 
It can be determined by measuring the length 
ofthelfvector* The phase angle between It 
and can be measured with a protractor, 
We , can also find the value of by applying 
the Pythagorean Theorem: 

1^ = . n/(20)^ M15)^ 

= ^/40O f 225 =t \/625 = 25 amps 

4-*13* To find total im^dance, use Ohm's 
Law, substituting Z for 



a 60 V , . 



4-14* You should liave noticed that is 
larger than Iq or Ij^ but smaller than the 
arithmetic nam of Iq and Ij^. Also total 
impedance is smaller than the smallest 
resistor or reactance value in the circuit* 

4-^15. To solve for the phase angte^ we can 
use the cosine function. 



cos e = = '8000 

2D A 

9 = 36.9' 



4-'16. RL circuits are solved in a like 
manner. Refer to figure 4-8. 




Figure 4-fl 



Li 

4"17. Remember, current in an inductive 
circuit (If ) Is 90' behind E^^, This is shown 
in the vector diagram in figure 4-9, 

Total current is the vector sum of I^^ 
and I^. We can use the Pythagorean Theorem 
to solve for 1^* 

83 




Figure 4-9 



V 16 + 25 ^ sfTT - 6.4 amps 



4-18. To solve for total Impedance, we use 
Ohm's Law* 



a 40 V 
2 =^ = "T a = 6.25 ohms 
6p4 A 



4^19. Total Impedance In a parallel RL 
circuit Is less than the value of or R. 

4-20, Last, we will find the phase angle* 



Cos 9 =^ 



t 



4 A 
6*4 A 



.6250 



9 = 51*3' 



4-21* Now, we should be able to solve a 
circuit containing a coll, resistor, and capa^ 
citor (RCL circuit). Refer to figure 4-10* 




4*22. The work for this circuit Ib amy; 
find the branch curreutu flrat by Ohm's 
Law. 



\ 180 V ^\ . 



L X. 



320 fl 



. a 160 V a?. ^ on* 



4-23, The vectors for this look like figure 
4-11* 



H 1^ ■ 2 AMPS 



■ 1 AMP 



' 0*5 AMP 



Figure 4-11 

4-24* Use Pythagorean Theorem to solve for 
total current* You must SUBTRACT the 
smaller reactive current from the larger 
reactive current to solve this type problem. 



= f (2 - .5)^ = f (1.5)^ 
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= \/ 1 + 2.25 - \/ 3.25 = 1.8 



4-25, Solve for the phase angle. 

Cos 0 =i = = .555 

1^ 1.S A 



amps 



Figure 4-10 



e . 56.3' 
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l*2ti. Vectored lor thli^ solution ar« shown In 




Figure 4-12 

4-27, Let*s analyze another circuit. Refer 
to figure 4-13, 



Then: 



1000 ohms 



4* 2d. When the applied voltage is not glven^ 
you can solve for total intpcdance by using 
the £lssunied voltage method. If the applied 
voltage Is not given^ then assume a voltage 
and calculate the current through eachbranch 
of the circuit. Combine the branch currents 
using Pythagorean Theorem (or vectors) 
to determine total current. Use total cur- 
rent and the assumed voltage to calculate 
the impedance. Regardless what voltage id 
assumod^ the imi)edance will be correct 
because impedance is a ratio of current 
to voltage. 

4-30. Let us again refer to figure 4-10. 
In this circuit total current was A. 
Using Ohm's Law solve for Z . 



160 V 
I. a A 



= 88.6 n 



7f 



850V 



Figure 4-13 



Now let us take the same circuit, but arbi- 
trarily pick a different applied voltage. In 
this case use an assumed voltage of 480 
volts. Following the procedure for the 
assumed voltage method, first calculate the 
individual branch currents and then deter- 
mine 

First! 



4-28. Let's first find and then determine 
total impedance. Individual branch in),3ed- 
ances can be solved using Ohm's Law, 



(.9- .1) 



= \/.73 =■ .85 am;is 



,64 



I. 



R 
E 



480 V 
160 a 

490 V 
80 n 

480 V 

320 Q 



3A 



6A 



1.5 A 



Then: 



- + (6 ~ 1.5)2 
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^ \/ 20.25 
5.408 A 

4-31. Now It solve for Z . 

480 V 

Notice that the Impedance Is the aani3 value 
obtained when the value of tlie applied voltage 
wa£t Vnown. This method may also be applied 
to parallel RC and RL circuits. 

4-32. Now* let's discuss power and power 
factor In parallel reactive circuits. 
Remember, purely reactive components do 
not dissipate power. Only the resistance in a 
circuit dissipates power. This Is called true 
power. 

4-33. When reactive comiwnents and resls* 
tlve components are connected in a circuit, 
the circuit appears to use more power 
than it actually dissipates. This is called 
the apparent power of the circuit. 

4-34. Apparent power (P^) of a parallel RCL 
circuit is: = E^It* The formula for true 
power (Pt) is: Pt Power factor (PF) 

is; PF = — . 
a 

4-35. Using figure 4-13, determine P^, P^, 
PF, and the phase angle Q, 

= ^Jt • 850 V X .« A = 722.5 VA 
a a t 

Pt = ErIr - 850 V X .3 A = 255.0 watts 

^^=4^ = WTa = -3529 or 35% 
a 

Cos d M ,3529 
e ^ 69.30' 



4-30. Importsint principles to keep in nilnd 
when solving alm^^le parallel nCLclrcultfl: 



Branch currents nniy be different, but 
voltn^te u the sinme acrosii all components. 



2.. Vector diagrams \\^i> voltage as the 
reference, with currents added vectorlally. 



^ 3* Do not attempt to draw impedance 
diagram.^ for parallel circuits. 



4-37. Component Testing 

4-38. Now, let's discuss how to determine 
whether a capacitor is good, opened, or 
shorted. A capacitor that is opened, shorted, 
or partially shorted (leaky) is useless because 
the basic function of storing a charge is lost* 
A leaky capacitor is one in which the dielec- 
tric has lost its Insulating ability under the 
constant pressure of tlie applied voltage* A 
leaky capacitor will have a low resistance 
value. A ^ood capacitor of paper or ceratntc 
will have resistance r«^adings upward of 1000 
megohmis, which for our purposes can be 
considered to be infinite resistance. 



4-39. Generally a capacitor can be checked 
with an ohm meter* Before you use the 
ohmn:)eter you must disconnect tlie capacitor 
from the circuit and m.nke sure the capacitor 
is fully discharged* The ohmmeter will sup- 
ply the voltage for checking the capacitor. 
Keep your fingers off of the connections 
since body resistance will give erroneous 
indications. Always use the highest scale on 
the ohmmeter when checking capacitors* 



4-40* When you connect the ohmmeter across 
a good capacitor, you will get momentary 
deflection of tlie meter and then tlie indicator 
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will return to infinity* This is causod by the 
charging action of the capacitor* with sonte 
capacitors it istlifficuittodetoctthid momen- 
tary deflection* In this case a practical 
check i£» to replace the capacitor w^th one 
that you know is good* 

4-41. When subjected to high Voltages capa* 
citors may arc throughthedioloctric^ causing 
a short. A short can also be caused by age 
or high temperatures* When you connect an 
ohmmeter across a shorted capacitor the 
meter indicator wili deflect to zero. This 
is a sure indication of a shorted capacitor. 

4-42, When you connect an ohm neter across 
an open capacitor the indicator will remiin 
at the inifinite reading. Some precaution 
must be exercised because a very high 
resistance reading Is normal for capacitors. 
In addition, w^ must remember that small 
valued capacitors do not need much charging 
current and therefore will not show a deflec- 
tion on the meter. As a result care must be 
exercised when checking capacitors for 
opens. In these cases it maybe more prac- 
tical to substitute a new Capacitor* 

4*43. Inductors, like capacitcrs, can be 
checked using an ohmmeter* You must 



remember that In using an ohmmeter to 
check coils you arc measuring the DC 
resistance of the coiL The coil normally 
has very low resistance^ This presents a 
probiem when troubieshooting coils* 

4-44. A common trouble with coils is an 
open. This type of troubie is easy to find 
because it lacks continuity^ When an ohm- 
meter is placed across ^ coil with an open 
the meter will indicate an infinite ohms. 
The open inductor may be caused by cor- 
rosion, excessive current^ or age. Small 
wire can be easily damaged, 

4-45. Unlike opens, shorts in inductors are 
difficult to locate* When an ohmmeter is 
placed across an inductor that is shorted^ 
the meter will indicate zero ohms* Care 
must be exercised* Remember that some 
coils have just a few turns of wire and 
normally show a zero ohm reading. It is 
rare that you wiil have a completely shorted 
inductor* Normally Just a few turns short 
together* This condition cannot be definitely 
checked with an ohmmeter because the 
resistance will change only slightly. When 
troubleshooting a coil that is suspected of 
having a shorty the best check is to sub- 
stitute a new coil* 
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Chapter 5 



HESONANCE 



5-1. TUia ctmpter is a continuatiou ot your 
study of tl]Q SQrieB HCL circuit. In tho lant 
lesson, Imluctlve reactance tind cat^acltlvo 
reactance tiad oiH^osing ItnptidanCQ effects* 
If the frequency applied to ^ serlea nCL 
circuit causes Xq and X^, to bo equal, 
the circuit Is resonant* in this chapter^ 
study the conditions which exist when a 
series circuit Is HESOMANT. Then, wo 
analyze circuit operation by varying fre- 
quency and impedance values above andbelow 
the resonant point. We will dlf^cuss 
BANDWIDTH and SELECTIVITY, 



3*>4, Wo can list Importantpolntaconcernlng 
5€rlea rodonance: 



L C 



Z ^ R ^ ititnlmum 



c* I Si maximum 



5-2, Resonant circuits are used In radar 
to control the frequency of operation ot 
transmitters and receivers; in radio to select 
one station from niany; and In telephone 
circuits to provide communications for 
n\ ill Ions of people. 



5-3. A series resonant circuit consists of 
inductance^ capacitance, and resistance; as 
shown In figure 5-K Observe that Xl, * 
X^* Draw an impedance vector diagram, and 
note that X^ cancels X^^* This leaves resis- 
tance as the only impedance. This Is the 
minimum Impedance possible In this series 
HCL circuit. Total current equals applied 
voltage divided by tiits resistance: 



I = 



10 V 
5 ^ 



= 2 amris 



5-5. The frequency which causes thecapacl- 
tlve reactance and Inductive reactance to be 
equal is the RESONANT FREQUENCY (f^*). 
When the resonant frequency is applied^ tiie 
circuit Is a RESONANT CIRCUIT. U a vari- 
able frequency power source Is applied, and 
the frequency is varied, there will be otUy 
one frequency which causes resonance for 
any given series RCL circuit. 



5-6, In the circuit of figure 5-2, X^ 
is larger than Xo This circuit Is NOT 
at resonance. If we decrease the applied 
frequency, tiie circuit can be brought 
to resonance* The circuit of figure 5-2 
Is ABOVE RESONANCEbecausethefrequency 
must be decreased to make the values of 
X^ and Xj^ equal* 



E * lOV 



R = Sn 



20 n 



lOV 



■AAAr 



X ^ lOQ 
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30 Q 
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Figure 5-1, Series Resonant Circuit X, = X. 



Figure 5-2 
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clrcutt iB 1; PF a Cos 6. Apparc?nt |Jow<jr 
Is the true power {P^ a P^). 

5-9t The above- resonance impetlanci^ 
diagram (Hgure 9-4B) has a poslttvc? phiitie 
angle; the below-^resonance impedance dia- 
gram (figure S-*4C) has a negative plia^e 
angle. In both of these cases the power 
factor is less than 1 and true power Is less 
than apparent power* 



Figure 5-^3 

5-7, In figure 5-3, X^; is larger than 
X^^, This circuit is BELOW RESONANCE, 
The frequency must be increased to make 
Xc = Xl. 

5-6, Let's compare impedance vectors for 
the three conditions of the above circuit 
(figure 5-4), 

For the resonant circuit (A) the reactive 
values cancel leaving only resistance. The 
impedance angle is 0"". Recall that this is 
also the phase angle, and the cosine of 0^ 
is 1. (Check thisinyourtrigonometrytables). 
Thus, the pov/er factor of a series resonant 



S-IO. Now, we can add more important 
points, concerning series resonance, to the 
list in paragraph 5-^4. 

f, e ^ 0* 

g, Pf = 1 



h, 



t 



5- 11. In any series RCL circuity the only 
frequency at wliich capacitive reactance and 
inductive reactance are equal is the resonant 
frequency* To solve for the resonant fre- 
quency, use the formula 



1 



^r 2 -rrJCC 



or f 



.159 




RESONANCE 
A 



ABOVE RESONANCE 
B 




BELOW RESONANCE 
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Figure 5*5 

5-12. Figure 5-5 stiov^s the relationship 
between and X^;^ as frequency increases. 
There Is a point where X^ and X^ are 
equal. This Is the resonance point. 

5-13. Hefer again to figure 5-5. At 0 hertz, 
X^ is maximum and X^ is zerOt As fre- 
quency increases toward the resonant point, 
Xc is larger than Xl, so the circuit is 
capacitive. At resonance X^ ' X^, so the 
total impedance of the circuit is resistive. 
As the frequency increases above resonance, 
Xl is larger than X^, and the circuit is 
inductive. Figure 5-6 shows the resulting 
impedance diagram. At the resonant 
frequency (f^) total impedance is resistive; 
impedance increases off resonance. ABOVE 




m 200 300 f=^ 500 600 700 



Figure 5-6 



Figure 5-8 

resonance the impedance is inductive, and 
BELOW resonance It Is capacitive. 

5-14. Figure 5-6 goes one step further and 
shows the CUflflENT CURVE. At minimum 
Impedance current is maximum. 

5-15. Naw, let's go back to vector analysis 
of series HCL circuits. At resonance, 
Xl = Xc and the impedance of the circuit 
is equal to the resistance. X^ and X^ 
are 180*apart| they cancel out. Just resist- 
ance is left, so Z <t Figure 5-8 shows a 
circuit to be inductive or ABOVE RESON- 
ANCE. Xl is larger than X^. Figure 5-0 
shows a circuit to be capacitive or BELOS\ 
RESONANCE. X^ is larger than Xl» 

5-16. Deleted to include Figure 5-7. 

5-17. Deleted. 

5-18. ABOVE RESONANCE refers to a 
circuit with an applied frequency HIGHER 
than the resonantfrequency. ABOVE RESON- 
NANCE Xl is greater than X^ and the cir^ 
cult acts inductively. By usingtheparallelo- 
gram method and with R as a reference, we 
can plot the impedance of such a circuit. 
Z is the vector sum of the excess Xl and 
the R of the circuit (Sec figure 5-8). 



5-19, BELOW RESONANCE refers to a cir- 
cuit with a frequency LOWER than the resonant 
frequency, BELOW RESONANCE, X^ is 
greater than Xl» (See figure 5-9). 



5-3 



ERIC 



SO 



DEGREES LEADING 




CAPACITIVE 



Figure 5-9 




FREQUENCY 



>EGREES LAGGIKG 
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S-20. When the frequency Is below the 
resonant frequency, the circuit acts 
capacltlvely* The opposition to the generator 
consists of resistance and capadtlve reactance 
(vector sum of R and Xc - Xl)» with an 
applied frequency higher than the resonant 
frequency, X^, Is larger than Xc; now the 
Impedance becor^es the vector sum of R and 
* ^C* At this time, the generator 
"sees" Only resistance and Inductive 
reactance* (Draw the Impedance diagrams to 
prove this for yourself* 



Figure 5*11 

5-22. The farther you are from the resonant 
frequency of 3000 Hz, the higher the Imped* 
ance* As you approach the resonant fre- 
quency, the Impedance decreases until, at 
that exact point where Xl = X^, the circuit 
is at resonance; the Impedance is MINIMUM; 
and the current Is maxlmumt 

5-23* Now, let's consider the relationship of 
current and voltage In series resonant circuits. 



5-21, The Impedance curve of a series 
RCL circuit Is shown In figure 5-IOt and the 
phase angle Is 0^ X^ and X|^ are equal* 
The only Impedance at that time is the 
resistance of the circuit* We are then at 
resonance, impedance Is minimum, and 
current Is maximum* 



10,000 " 




z rN 

OHMS 



1000 2000 
FREQUENCY- 
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ngure 5-10 



5-24* Connect an ammeter In the circuit in 
figure 5-12A at points A, B, Or C; the 



lOks 



© 



400 Hz 
E. . 100V 



if 




Figure 5-12 
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A. CIRCUIT 




B. VOLTAGE REFERENCE 



Figure 5-13 




C, CURRENT REFERENCE 



CUnflENT indication will be the SAME. This 
Is a series circuit with one path for current* 

5->25i Deleted. 

5*26i The voltage across the inductor leads 
the current through the inductor by 90% and 
the capacitor voltage lags the capacitor cur^ 
rent by 90^ The voltage across the resistor 
is in-phase with the current- When you have 
a resonant circuit, the capacitive and in-^ 
ductive reactances cancel each other; and at 
this time the aflCUIT CURRENT, the RE- 
SISTOR VOLTAGE and the APPLIED VOLT- 
AGE are all in phase^ 

5*27. A resonant circuit is shown In figure 
5-12. Reactance values cancel; Z = R, and I 
and are In phase. The voltage drop across 
the resistor equals the applied voltage. 

5-28. Figure 5-13A shows a circuit that is 
BELOW RESONANCE. Two separate vector 
diagratns (ligure 5->13B and C) show E^ and 
I as relerences. The circuit is capacitive 



because current is LEADING the applied 
voltage* The angle Is 45^ because the net 
reactance equals the resistance. 

5-29. Now, for ABOVE RESONANCE, figure 
5-14A shows Xl ' 60 ohms and ^40 
ohnns* Now the vector dlagranns of El, Ec 
I, and ER, and Ea will be as shown In figure 
5-14B and C* The circuit Is Inductive be* 
cause current LAGS the applied voltage- The 
angle Is 45"^ because resistance equals the 
net reactance* Notice Ea and I are each used 
as a reference vector* 

5-30. Deleted* 

5*31. Refer to figure 5*15andnotethe shape 
of the current curve of a typical series 
resonant circuit. Fronn its peak atf^, current 
drops off at frequencies above and below 
resonance. There are tv^o points on the 
curve which are 70.7 percent of the peak 
current value. They are calledHALF POWER 
POINTS. The frequency range between the 
half power points is called the BANDWIDTH 
(BW) of the resonant circuit. 



R » 20O 
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A. CIRCUIT 




B, VOLTAGE REFEREmCE 




C. CURRENT REFERENCE 
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Figure 5-14 
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|KSkHi| 
BANDPASS 

Figure 5-15 
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5-32» The resonant frequency In figure 5-15 
is K5 kHz; at this point current is maximum* 
Current falls to ^707 of Us maximum value 
at 1 kHz on the low side and 2 kHz on the 
high side. To determine the bandwidth^ 
use the formula: BW = fj - f^* The band- 
width In this case is 1 kHz* 

5-33* Figure 5-15 also shows that current 
drops off rapidly when the frequency applied 
to the circuit is below I kHz or above 2 



kHz* Froquonciod botwoett tho two half power 
points arc In tlic DANDPASS nElGION. TUo 
baitdpaaa frcqvidnclea then cover i kHz to 
2 kHz* 

5-34* Incruaflliig the redlstancoof a resoiiunt 
circuit haa no effect on the re±)onant fre- 
ciuency polnti The resonant frociuency formula 
shows this: 



1 



.159 



On the Other hand^ current at resonance is 
determined ty resistance only^ since and 
Xj^ cancel* Increasing then decreases 
resonant frequency CURRENT* It does NOT 
change the RESONANT FREQUENCY* Chang- 
ing circuit resistance does change "circuit 

4-35* "Q" is defined as the ratio of energy 
stored (by the reactive components) to the 
energy dissipated (ty the resistance}* This 
ratio can be expressed as: 



reactive 
true 



L 



Rt (LOW RESISTANCE) 
HIGH Q 



R, (MEDIUM RESISTANCE) 



R^fHIGH RESISTANCE) 
LOWQ 




RESONANT FREQUENCY 



Figure 5-16 
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Iticroa^ing the value of aeries rcj^lstaticei 
lowers the 'V' of the circuit* 

5-36» "Circuit Q" applies to resonant cir- 
cuits* "Circuit Q" is the ratio of Xl to 
the total resistance m the circuit* 

5^37* Figure 5-16 shoi»s current curves i»Uich 
result from changing resistance In an HCL 
circuit* Changing the circuit resistance from 
loi» to high changes the circuit Q from HIGH 
to LOW* 

5-36* When the resistance is small, current 
at resonance is hlgh| and the slope of the 
current curve is steep* A HIGH Q circuit 
has a rapid decrease in current as fre- 
quency is varied above and below This 
causes ^ narrow bandwidth* Only a narrow 
band of frequencies will be between the half 
power points* 

5-39, A HIGH Qcircultthushashigh SELEC- 
TIVITY* We define selectivity: AbUlty to 
select a narrow band of frequencies and 
reject all others. High Q resonant circuits 
are used In radio or television so you can 
select one broadcast station at a time* 

5-40^ When resistance is high In a series 
HCL circulti current at resonance Is loW| 
Q is low» and the current curve shows a 
broad frequency response* Bandwidth is wide 
and circuit selectivity is poor* 

5-41* Where good selectivity is required, 
the HCL circuit usually has no resistor 
component* The total resistance in the circuit 
is the internal resistance of the coll and 
the "distributed" resistance of the wiring* 



?6 



VARIABLE L AND C 
Figure B-18 

S-42* Have you noted the relationahip 
between Q and BANDWIDTH? Examine the 
f 

formula: BW A LOW Q circuit will 

have a larger bandwidth than a HIGH Q 
circuit* The LOW Q circuit wUl be less 
SELECTIVE* What about resistance? It Is 
DIRECTLY proportional; If resistance Is hlgh| 

X 

BANDWIDTH wUl be wide* Q ^ 



creasing H will decrease Q* 
Decreasing Q causes BW to Increase* 



BW 



5-43* Figure 5-17 is a high <^ circuit;. An 
important property of this circuit Is that Its 
IMPEDANCE is low AT RESONANCE and 
increases rapidly as the frequency Is changed 
above or below resonance* Q Is the ratio 
of Xx^ over R and Is considered high IT It 

^L 1000 

is 10 or more, Q * - "T^T " ^^^^ 
circuit* 

5-44* Inductance and capacitance determine 
the resonant frequency of a circuit; when 
either one Is changed, the resonantfrequency 
changes* When you tune your radio, you are 
actually changing a variable capacitor; and 
as a result you are tunlni^ a circuit to the 
frequency of the radio stition you want to 
hear. We also have adjustable inductors* A 
coll may have a movable cere - which can be 
varied to change Inductiuice* Changing Induct* 
ance will change the resonant frequency* 
Figure 5-18 shows a series circuit with a 
Variable cotl and a variable capacitor. 
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Figure 5-19 

9*45* In series HCL circuits if we change 
the frequency we change the capacitive 
reactance and the Inductive reactance; this 
changes the impedance* Just what are the 
effects oncurirent, Impedance, and phase angle 
when we vary frequency, resistance, capacit- 
ance, Or Inductance? Perhaps a chart would 
bo a good way to see this* In figure 5-19, 
the frequency of the generator is below the 
resonant firequency of the circuit* Xc Is larger 
than and the circuit is acting capacitively* 

5-46* If you have difficulty understanding 
this charts refer back to figures 5*5 and 
5-6 and the formula for resonant frequency: 



.159 

r ^ 



With the generator frequency below the 
resonant frequency: 



Figure 5-20 

a* Increasing frequency approaches the 
resonant frequency* 

b* Increasing resistance Increases Imped- 
ance* Z= + (X^^ - X^)^ 

c* Increasing capacitance decreases the 
resonant frequency, thus approaches 
resonance* 

d. Increasing Inductance decreases the 
resonant frequency, thus approaches 
resonance* 

5-47* In figure 5-20 with the generator 
frequency above resonance, arrows Indicate 
the result of an increase in F, C, and L* 
Increasing resistance Increases impedance^ 
makes the circuit more resistive^ and de* 
Creases the phase angle* Increasing F, L, and 
C takes the circuit farther away from reson* 
ance, increasing Impedance and the phase 
angle* 
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0"!. In parallel nCL clrCuUfl, ri§flonanc€ 
occurs when the frequency applied caused 
* *L* chapter begins by solving for 
resonant frequency; then discuss liow 
parallel resonance differs from series reso' 
nance; then gives a thorough analysis of TANK 
circuit operation* 

6-2. The first objective Is to calculate the 
resonant frequency of a parallelRCL circuit. 
Use the resonant frequency formula and the 
values Indicated in figure 6->U 



PAHALLEL HKiJONANT CIRC'UITS 

Finding the resonant frequency of a parallel 
nCL circuit is Just a matter of using the 
resonant frequency formula correctly* 



f 
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C = 300 pf 








L=2mH 
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Figure 6-1 



Let's go through the steps necessary to find 
the resonant frequency. 



.159 



.159 



=. \/(2 X 10'^) X (300 x 10"^^) 
.159 



600 X 10 
= V 60 X 10-14 



.159 



7,75 X lO''^ 
.159 X 10^ 



7,75 



= 205 kHz 



6-3. The voltage In the circuit of figure 
6-2 is the same s^cross each branch of the 
parallel RCL circuit* Further, the current 
In each branch is determined by the amount 
of resistance or the amount of reactance* 




Figure 6-2 

6*4. Remember this. You can NOT addthese 
currents arithmetically; you MUST add them 
vectorlally. The CURRENTS are NOT in 
phase. 

6*5. Current in the resistive branch Is In 
phase with Ea; current In the capacltlve 
branch is leading E^; and current in the 
Inductive branch Is lagging E^* 

6'6, Let*s draw a vector diagram to see 
what happens. The reactances are equal 
and the same voltage is applied to both. 
The current will be equal and opposite as 
shown in figure 6-3. The current vectors 
will cancel. This leaves only the current 
through the resistive branch. See figure 
6-3, This current value can be determined 
E 

by: 1^=^ andl^ 

E 



Ij. Total impedance 



can be determined by: S = -: — . The very 

small current Indicates a very high imped- 
ance. Ip is in pliase with E^. 
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Figure 6-3 

6-7. LeVs analyze the parallel RCL circuit 
by changing frequency and determining its 
effect on current flow. 

6-6. Since changing frequency has no effect 
on the amount of current that will flow in the 
resistive branchy we will disregard this 
branch for now* 

6-9» Recalling the formulas Xj^ 2 tt fL 
and " 2'TriQ apparent that Xj^ 

increases with frequency and Xc decreases. 




Figure 6-4 

6 



Therefore^ as frequency increases above 

resonance^ capacltive current becomes 

greater than the inductive current and lu^^e 

increases (S€c figure 6-4)* As the frequency 

is decreased below resonance Is more 

than Iq and I^ne Increases (figure 6-5), The 

E E 
a a 
currents change because I ; I =— - ; 

L C X^ 

L C 



6-^10. Parallel resonant circuits present a 
high opposition to the voltage force of the 
generator* Let^s examine the action of an 
LC tank at resonance by placing a charge 
across the capacitor as shown in figure 6-6. 

6-lL Moving the switch to the right com- 
pletes the circuit from the capacitor to the 
Inductor. It places the inductor in series 
Atfiti) the capacitor* This furnishes a path 
for electron flow from the upper plate of 
the capacitor to the lower plate to neutralize 
the capacitor charge. (See figure 6-7. ). As 
current flows through the coil, a magnetic 
field is built up around the coil* The energy 
which was stored by the electrostatic field 
of the capacitor is now stored in the 
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Figure 6-5 
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Figure 6-8 

electromagnetic field of the inductor. The 6-12. Figure 6-8 shows the capacitor dis- 
waveforms in figure 6-6 through 6-14 show charged and a maximum magnetic field 
the capacitor voltage. aiound the coil. 

6-3 
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Fltfure 6-9 
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Figure 6-10 
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field expanding 
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Figure 6-11 



6-^13. Since the capacitor is now completely 
discharged^ the magnetic field starts to col- 
lapse, (See figure 6-9), 

6-14, This induces a voltage inthe coil which 
causes the current to continue flowing ^ 
charging the capacitor again, 

6*15, When the magnetic field has completely 
collapsed^ the capacitor has become charged 
with the Opposite polarity, (See figure 
6«10), 



6*16, If the circuit had no resistance, the 
amount of this reverse charge would be the 
same as the original charge. However, the 
coil and the connecting ynvBs have some 
resistance; a small amount of energy is dis- 
sipated in the form of heat (I^H loss). There* 
lore, the charge shown in figure 6*10 is 
slightly less than the original charge, 

6*17, The capacitor now discharges back 
through the coil. This discharge current 
causes the magnetic field to build up around 
the coil, (See figure 6*11,} 
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Figure 6-12 
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Figure 6-13 





Figure 6-14 



6-18, When the capacitor Is completely dis- 
charged* the magnetic field Is again at 
ni-ixinium (see figure 6-12)- 

6-19, The magnetic field again starts col- 
lapsing, causing the electron flow to continue 
toward the upper plate of the capacitor. 
(See figure 6-13), 



6-20- By the time the magnetic field has 
completely collapsed, the capacitor is again 
charged with the same polarity as it had in 
figure 6-6* Con^pare with figure 6-14- 

6-21, A3 the stored energy moved from the 
coil to ;he capacitor, the circuit resistance 
dissipated some energy in the form of heat 
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Figure 6-^16- Dampened Wave 

so that the charge is less than in figure 
6-10. 

6-22. If the circuit is not opened* the dis* 
charging and charging action will continue 
until all the energy has been dissipated as 
heat. 



6-23. The number o£ times this set of 
events occurs per second is called the natural 
frequency (or resonant frequency) of the 
circuit. 



6-24* In practical circuits, the heat loss In 
the resistance of the circuit causes each 
cycle to be smaller than the previous cycle. 
The result Is a DAMPEN^ED wave as shown 
in figure 6-15- 



0-25, Wc aaltl enrlitr thnt tlic opixituni^ ff>rt'i» 
oi the tiiiik couki iniitlmi/.o Lluo inirrrnt* For 
Current to flow, w dtffcreiR*e U\ potoiuial 
ujust exist* Picturo two gc^neratord or two 
hiitterlea witl» a laiii[> connected bctwrcn 
them as In fit^urc 6-lC» In the battery ru- 
cuitt it is easy to see that no current can 
flow through the lamp. No difference iu 
potential exists* Likewise* If two (generators 
are at exactly the same frt?quency and their 
outputs identical, ito differences Iti potential 
can exist, ami NO CURRENT CAS FLOW* 

6-26* When a tank circuit is functioning at 
resonance * the same condition exists. Sec 
figure 6-17. You will notice by exatiilniiic: 
figure 6*17, that at any instant alon^ the 
EMF sine waves> the voltage of thegenerator 
is almost <rounteractcd by the voltage of tlie 
tank. Ttie amplitude of ttie tank voltage will 
be slightly Less than ttiat of the generator* 
For this reason, a niitimiuni current will 
flow in the line to replace the energy lost 
through ITl. 

6-27* At resonance, the parallel tank offers 
maximum opposition to line current* There- 
fore, at resonance, the parallel tank offers 
MAXIMUM IMPEDANCE to line current* 

6-28, Recall that as frequency goes below 
resonance, capacitive reactance goes up and 
inductive reactance goes down, similarly, 
as frequency goes above resonance, 
goes down and Xl, goes up* 

6-29. With this in mind, you can see what 
will happen to current flow In a parallel 
RCL circuit. If the frequency is very low, 
X, is low and Xq is high* so more current 
wfll flow through the itiductive branch* The 
circuit is then acting INDUCTIVELY. 

6-30. Refer to figure 6-18- With = lOOv 
and Xt = 50 ohms, II, = 2 amps. With X^ - 
10 k o^ms, l^ 3 *0l an)p and Is negligible 
when compared with inductive current. This 
circuit is acting INDUCTIVELY. 

6-31. Refer to figure 6-19* With the fre- 
quency high, the reactance values are 
reversed. X^ now offers 50 ohms of oppo- 
sition, while X| is lO k ohms* Most of the 



6-r> 

101 






Figure 6-17 



^ lOK 



,^ .100 VAC 
KHZ 



\ =0.01 A 
c 



1^ =2A 



1 \ 


> 


= lOK ^ 


100 VAC 






r ' 








1 


1^ 0*0!A 



Figure 6-18, Effect of Very Low F 



Figure 6*19. Effect of a Very High F 



current is through the capacitor. Therefore, 
the circuit is acting CAPACITIVELY. 

6-32, With the resonant frequency applied^ 
the tank circuit offers a very high impedance 
to the generator; therefore, line current 
decreases to a minlmuni. 

6-33. Keep in mind that with the parallel 
resonant circuit, the capacitive current leads 
the applied voltage by 90^; and the inductive 
current lags the applied voltage by 90°. 
These two currents are equal and opposite. 
When the capacitor is discharging, the dis- 
charge current flows through the inductor. 



This stores energy in the electromagnetic 
field. When the magnetic field of the coil 
is collapsing, the resulting current flows 
into the capacitor. This stores energy in 
the electrostatic field. 

6-34. The tank circuit has a small amountof 
resistance; the wire, internal resistance of 
the coil» and connections. This resistance 
dissipates energy as heat (l^H loss); so a 
small amount of line current is permitted 
to flow. Since the line current is minimum 
at resonance, the impedance is maximum. 
This result can be seen from Ohm's Law: 

z =1 
I 
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HKUIEJj AND PAUALLKL HiiiiONANT CinCUITii 



111 thia cliapter, wc will firat compare 
x\\f^ ttiAracterl;»tic» ct series and parallel 
t'esDtiant circuits^ Then, we wlUdlflerentlate 
between current curves lor Serled and for 
tJiralicl RCL circuits^ Wo will also solve 
lor the Q ol a circuit; when given the com" 
ponent and frequency values* Finally^ we will 
use a tuned frequency response curve to 
determine the bandpass and the bandwidth of 
resonant circuits. 

7-2. U is important that the relationship 
between series and parallel HCL circuits be 
i^ept in mind; so weHl look at the chart below 
showing the characteristics of series and 
parallel resonances. 

7-3. You know that Ilgure 7-1 is a parallel 
RCL circuit; when is equal to 1^^ mini- 
mum line current will flow: and the tank 
circuit wlU offer a high im'>*:c<ance to line 
current. 



7-4* The object of this i« not to repeat 
something you already know but to atress 
these Important facts; to enable you to 
differentiate between an impedance curve for 
a series RCL circuit, and an impedance 
curve for a parallel RCL circuit* 
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Figurp 7-1 
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Figure 7-2 

7-S, To understand the Impedance curve for a 
parallel RCL circuit, remember that line cur* 
rent is minimum and Z is maximum at reson* 
ance. Figures 7-2 and 7-3 show these facts, 

7^6. Just one more point regarding parallel 
HCL circuits at resonance: the tank circuit, 
due to the action of the capacitor and 
inductor in parallel, acts in opposition to the 
generator (AC) force- This means a high 
impedance, which, in turn, gives a low line 
current. 

7-7. By now you should have no difficulty in 
differentiating between current curves for 
series and parallel HCL circuits* In aseries 



^ 10,000 




a 3.000 " 



UOOO 2,000 3>000 4,000 S.OOO 
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Figure 7-3 



RCL circuit at resonance, the impedance is 
minimum and the current is maximum. In 
a parallel RCL circuit at resonance, the 
impedance is maximum And the current U 
minimum* In figure 7-4A, the solid line 
curve represents current in a series RCL 
circuit, and the broken line is current in a 
parallel HCL circuit, 

7-8. Figure 7-4B can be used to show imped- 
ance for a parallel or series RCL circuit. 
The solid line represents the impedance 
for a parallel circuit. The broken line repre-^ 
sents impedance for a series circuit. 

7-9* Nextf we will use a two branch HCL 
circuit with component and frequency values 
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^Ivtn, to dotcrntltie tho Q ot the tank circuits 
q 10 dofltitd for the circuit In figure 7-*5» 
ad the ratio of the Inductive reactance to 
the tank circuit aerleB realatance^ A high 
Q circuit l5 highly reapon^lve to frequency 
changed. In order to find Qi we use ttje 
tormula: 

X, 

Q at—- (series resistance) 



7-12. The circuit of figure 7-7 showa a 
realfitor In aeriefl with the AC generator* 
By examination of the clrculti you can see 
that It U now a aerioa^parallel circuit* It 
la also evident that the voltage acroaa the 
parallel branch no longer equals the applied 
voltage but rather > Et^nk ° ^a' 



n Is any resistance In series with the coll* 



7-10. When the series resistance of the 
RCt circuit is quite small, the Q will be 
large. Let's find the Q of Uie tank in figure 
7''5. It is a simple matter to substitute the 
values of X^^ and R In the formula: 

X (1000 ohms) 

Q s — 10 

^ R {100 Ohms) 



A Q Of 10 or more is considered a high Q. 
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Figure 7-6 



Figure 7-5 



7-lK When we apply the formula fOr Q, you 
can see that the lower the resistance, the 
higher the Q* Inversely, if resistance is high, 
the Q will be low (see figure 7-6). An 
important point to realize is that as Q 
decreases, the sharpness of the curve 
decreases; and as Q decreases, the angle of 
lead or lag decreases for any one frequency 
except that of resonance. 
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Figure 7-7 
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Figure 7-8 

7-13, When the input frequency is varied 
from below resonance to above resonance, 
a voltage curve for the parallel tank can 
be drawn (see figure 7'8). 

7'14. Assume the generator output is 50 V 
in amplitude, and its frequency may be 
varied from 0 to 80 Hz. Below resonance* 
is less than I]^; and we could draw ^ 
equivalent series circuit of a resistor and a 
coiK Above resonance, is less than Iq* 
Now our equivalent series circuit would have 
a resistor and capacitor. 

7-15, You can plot the voltage curves shown 
in figure 7-8 if you keep in mind that E 
and add vectorially and their sum is 
50 volts. At resonance, point B. the reactive 
components cancel, so you can add ttie 
voltages directly. At 40 Hz, the drop across 
Ep is minimum. 

7-16. The voltage response curve plotted in 
figure 7-8 can be used to determine BAND* 
WIDTH and BANDPASS between the half 
power points. The half power points are 
defined as ,707 x ^^^^j. or ,707 x 50 V = 
35.35 V, Mark the two J^,35 volt points on 
the curve (see figure 7-9), and then 
drop unes straight down to intersect the 
irequency line, 

7*17, To determine BANDWIDTH, find the 
frequency at these two points and subtract 
the lower from the higher (52 - 28 = 24), 
The BANDWIDTH under' these assumed 



Figure 7' 9 

conditions is 24 Hz, BANDPASS is defined 
as those FREQUENCIES which cause a volt- 
age across the parallel circuit of .707 x 
E„,^, (3te.35 V) or more. In this case the 
bandpass is from 28 to 52 Hz. 

7^18. An impedance curve may also be used 
to determine bandwidth and bandpass. See 
figure 7-10, 

7-19, In this method, we take ,707 times 
Z MAXIMUM to establish a lint* throi^h the 
curve at points A and B. By dropping Unes 
down from these points to the frequency 
reference line, we can determine the band- 
pass to be from 1200 Hz to 2200 Hz. The 
bandwidth would be the difference between 
1200 and 2200 Hz or 1000 Hz. 

7-20, The 3-branch parallel resonant circuit 
differs from the 2-branch in the number of 
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Figure 7-U 
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Figure 7-12 

possible current paths, A 3-branch cir- 
cuit configuration is shown in figure 7-11* 
The combination of L and C In figure 7-11 
form ^ parallel resonant circuit* Notice that 
there is no resistance shown in series with 
the inductive branch. At resonance* the 
vector diagram of the branch currents will 
be as shown In figure 7-12* 

7-2X, If the reac*ive currents {Iq and I^) 
are equal, the circuit will appear to be a 
purely resistive circuit* It will have an 
impedance value that is equal to R. The 
circuit shown in figure 7-X3 may be solved 
for its currents, impedance^ circuit Q and 
other characteristics in the following manner: 



Given 

. 23 V 

Xq * 51 ohms 

Xj^ a 51 ohma 
F a 1.2 kHz 
R a 100 ohms 

Find 

0 = 

^Ine 

Solution 
Determine I^: 

25 V /O' 
Determine Ij^: 

Lj 











Determine 1^^: 




25V 
















51Q ■ 


J R = 100Q^ 


' ^.-'^^ 


25 V Zfil 


1,2 IHz 








■ lOOQ /fi!_ 
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Figure 7-X3 



250 mA Zfil 



7-22, To determine the current drawn from 
the source (line current)^ insure all currents 
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Figure 7-14 

are In vector form and add, as in figure 
7-14. Since the reactive currents cancel, 
the line current Is equal to the current drawn 
by the resistive component* At resonance: 



Une n 



7-23. Since the circulating current of the 
resonant tank Is the same (or either reactive 
component; then tank current may be found 
by determining current flow through the 
capacitor or Inductor, 



tank X. 



25 V 
51Q 



490 mA 



At resonance: 



tank C ' L 

7-24, The LC combination in figure 7-13 
forms an ideal parallel resonant network. 
The impedance of the tank circuit under 
these conditions may be considered to be 
infinitet The equivalent resistance offered 
to the source by the parallel circuit com- 
posed of an infinite impedance in parallel 
witb a resistance is equal to the value of 
the resistance. The circuit impedance can 
be determined in the following manner: 



Z =■ 



line 



25 V 
0,25 A 



100 ohms 



To determine the value of Q for figure 
7-13 use the formula: 



tank 
*line 



490 mA 
250 mA 



^ 1,96 



1*06 



7-25, Notice that the formula Q = is 

Just opiiosite of the formula used in the 2- 

branch parallel resonant circuit of figure 
7-5, 



7-26. The 3-branch RCL circuits have the 
terms bandwidth and selectivity applied to 
them, The formula for bandwidth undergoes 
slight modification; i,e,, it will not be the 
same as for the 2-branch circuit, in the 
3-branch circuits parallel resonant circuit 



bandwidth equals BW = 



7-27, If the parallel resistance Is Increased, 
the line current goes down. As the shunting 
resistance approaches infinity^ the line cur- 
rent approaches zero* As resistance is 
increased, the bandwidth becomes narrower, 
and the selectivity increases. Therefore, it 
can be seen how regulation of the handwidth 
may be accomplished by variation of the 
shunt, or '^swamping** resistor. The inverse 
relationship between resistance and band- 
width may be seen by examination of equa- 
tions above and the curves in figure 7*15, 
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PAIIAMETEH CHANGEiJ IN PARALLEL RESONANT CinCUITS 



H'l , In thl» scctl<ju f>l the text you wUl ^^tucly 
tiu' cU(?cta of iiicreaNiiiK the applied Irc- 
ciueiioy, rcsUtancc, Capacitance, or indue- 
tiUKo itt ;i parallel circuit. We will change 
uuly one of these factor^) at a time and use 
clurtd and vectors to show the effects of 
these changes, 

8-2. At Resonance 

At resonance the Inductive reactance 
(Xl) and the capacitive reactance {Xq) are 
equal and therefore cancel each other* The 
current in the CAPACITIVE branch is equal 

to; 

E 



Likewise, the INDUCTIVE branch: 



8-4. Currents in both branches are equaland 
are shown as vectors in figure 8'IA. The 
current flow through the resistor Is tlie total 
current (i^) in the circuit* Because I^ and 
Iq are 180 degrees out of phase and equal in 
value, they cancel and do not flow tlirough tlie 
resistor. 

8-5. At resonance the resistor current and 
total current are one and the same. There 
will be No phase angle difference - the 
phase angle is zero. Remember^ this is 
when the circuit is at resonance* 

8-6. Now. let us INCREASE frequency, 
keeping in mind the formulas; 



- 2?TfL and I^^ 



As frequency goes higher, Xq has to 
DECREASE: tliis means that U will 



INCREASE* Alao as frequency goes higher, 
Xl had to INCREASE and I l will DECREASE. 
There will be less I[^ to subtract from Ip, 
and It will INCREASE, 1^2 a l^^ + (l^ - tjfi, 
The vector diagram In figure 8- IB Illustrates 
these facts and Table 8-1 shows the results* 
Since it is evident that current has increased, 
what must have happened to impedance? The 



total OPPOSITION 
E 

DECREASED. Z = — 



to 



current has 



Again, referring to 



t 



the vector diagram of figure d-IB| notice 
that total current is NOT in phase with the 
resistor current* Total current is leading 
the resistor current by some angle. The 
phase angle has Increased from zero. As the 
angle increases, the cosine (power factor) 
decreases* 

8-7* Now, assume that resistance increases 
and find out what effect this has on current. 




Figure 8- 1 
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Tabic fl-1 



STARTING AT RESONANCE 



Increase In 


Current Will 


Iiiil^edance Will 


Phase Angle Will 


Frequency 


Increase 


Decrease 


Increase 


Resistance 


Decrease 


Incre ase 


Not Change 


Capacitance 


Increase 


Decrease 


Increase 


Inductance 


Increase 


Decrease 


Increase 



Remember that: 1r = ' 



and at resonance 



Ip = I^* Now you can see that an INCREASE 
In resistance INCREASES Impedance, which 
in turn DECREASES current flow. At reso- 
nance the phase angle does not change 
because Ij^ and I^ have not changed. 

8-8, Now increase capacitance. To deter- 
mine the results remember that: 

E. 

and 



1 



27rfC 



^C " X. 



8-9, When there is an INCREASE in C, we 
have a DECREASE in X^. This causes an 
INCREASE in 1^. Because II longer 
cancels , there is an INCREASE in 1^. See 
figure 8-* IB, What happens to phase angle? 
It increases the same as it did when we 
increased frequency. 

8-10. When inductance INCREASES, the 
inductive reactance INCREASES, because 
X- = 27rfL. When this happens, 1^ 
DECREASES and no longer cancels 1^, Total 
current INCREASES and impedance 
DECREASES, As the inductance is IN- 
CREASED, the phase angle will INCREASE, 

8-1 !• We have now analyzed the effects of an 
Increase in frequency, resistance, capa- 
citance, and inductance starting AT RESO" 
NANCE in a parallel RCL circuit- 

8-12. Below Resonance 
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Figure 8-2 



8-13, Notice that BELOW RESONANCE Xl 
is smaller than ^Cq* Because Xj^ is smaller, 
the vector for 1l is larger,than the vector 
for 1^, See figure 8-2A, 4^ote that U lags 
Ir and the circuit acts inductively. 



8-14. If we were to increase frequency, then 
Xl increases and X^ would decrease. There- 
fore, II would decrease and l^willlncrease. 
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Tabic 8-2 



STARTING BELOW nESONANCE 



lucroasc 


Current Will 


Ijupedanco will 


Phase Angle Will 


Frequency 


Decrease 


Increase 


Decrease 


Resistance 


Decrease 


Increase 


Increase 


Capacitance 


Decrease 


Increase 


Decrease 


Inductance 


Decrease 


Increase 


Decrease 



As the frequency approaches resonance the 
Increase in Iq will cancel more of I^ 
and I^ will decrease. See figure 8-2B* The 
phase angle has become less because the 
total reactive current has decreased (l^-l^). 
The It vector has moved closer to the applied 
voltage vector* 



8' 15. Now increase resistance while oper* 
ating below resonance* The decrease in 1 
when combined with the reactive current 
will decrease total current. See figure 8'2C* 

Impedance must have increased (Z 

t 

With the Increase in resistance, the I^ 
vector will move closer to the reactive 
vector and the phase angle will INCREASE, 

8-16. What happens when we increase capa- 
citance while operating below resonance? 
The formula for capacitlve reactance just 
about answers oUr question - let's look at it: 

1 



X - ■ 
C ' 2TrfC 



When C goes up, goes down* When X^ 
goes down, there is less opposition to current 
flow and I^ goes up. Remember we have 
not changed frequency, so 1^ will notchange* 
Now 1^ will cancel more of 1^ and the reac- 
tive current will decrease. When you combine 
the Ip with the difference in the reactive 
current, you find that 1^ has decreased* 
It^ " 'r^ ^ * *C^^ * ^ decrease in It 
means that impedance has increased* The ^ 



vector has moved closer to the E^ vector* 
The phase angle has decreased. 

8-17* The last one is an increase of 
Inductance. X^ = 2 TT'fL. As L goes up, X^^ 
has to go up, and l^ has to decrease, imped- 
ance is increasing, and Is decreasing^ 
and moving closer to E^; therefore^ the phase 
angle is decreasing* See figure 8- 2D* 

8-18, Table 8^2 summarizes the changes that 
occur for increases infrequency, resistance, 
capacitance, and inductance In a circuit that 
is operating below resonance* 

8- Id* Above Resonance 

8-20* The last table we will discuss starts at 
an ABOVE RESONANCE condition* We will go 
through the same procedure to determine the 
effects of an INCREASE infrequency, resist- 
ance, inductance, or capacitance. Refer to 
figure 8-3* 
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Above I'oaoiiuiice yiniply means that 
is greater than I^. Again the capacltlvo 
reactance formula jlivA ili*^ Inductive reac* 
tance formulas must be kept In mind; 



clotior to the voctor ;ind the niggle 

Increuaosi™ ■ Sin /G 
t 



— atid 1 a 

2trfC *C 



X. = 2TrfL and I, 

8'22, If you have an Increase in frequency, 
X^ will decrease and Xl will increase; 
1^ will Increase and will decrease. The 
difference between 1^ and Ij^ will increase 
and when combined with Ip will increase 
total current. When there is an Increase 
In total current, the Impedance must have 
decreased. When I^; increases the 1^ vector 
will move closer to the u vector. When this 
happens^ the phase angle increases* 

d'-23. With an Increase in resistance^ we have 
a decrease In total current and an increase 
in Imtpedance. 

8*24, When we start above resonance and 
increase capacitance, we again apply the 
formulas: 

E 



8'26. Table d'-S summarizes the changes 
that occur for increases tn frequency, rcsiis- 
tance, capacitance, and inductance in a clr^ 
cult that Is operating above resonance. 



8-27* This lesson combines several facts 
that you already know. For example, the fact 
that when opposition to current flow becomes 
less* then current must increase; or, when 
current increases, Imiiedance must have 
decreased (providing voltage remains the 
same). You also found that the use of vectors 
Is an easy way to determine just what takes 
placewhenthere Is a change in frequency, 
resistance, capacitance^ or inductance, 5o, 
If you have a question about the results^ 
construct the vectors. 



8-28* Tables 8-1, 8-2 and 8-3 are for 
explanation purposes^ DO NOT MEMORIZE 
THEM* Instead, use vectors, formula and/or 
figure 8*4 to analyze the circuit. 



f 1 
C " 27/ fC 



and 



As capacitance goes up, X^ decreases and 
Iq increases* An increase in 1^ will increase 
I^. As this takes place, the phase angle is 
increasing. To sum up what happens when 
the capacitance is increased: total current 
increased, impedance decreased, and phase 
angle increased* 

8*25. When there ts an Increase in inductance 
while above resonance^ you can see by the 
formula X^ = 2TlfL that the inductive reac- 
tance has to Increase, This causes the induc- 
tive current ^ to decrease* I|^ will cancel 
less of 1^ and increases total reactive cur- 
rent, 1^2 = ip2 ^ (ij^ ^ |^j2, xhis being the 
case, the total Impedance must have 
E 

decreased. Z =^ — . The I. vector moves 
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Table 8-3 



STARTING ABOVE RESONANCE 



Increase In 


Current Will 


Impedance will 


Phase Angle Will 


Frequency 


Increase 


Decrease 


Increa:9e 


Resistance 


DeCiease 


Increase 


Increase 


Capacitance 


Increase 


Decrease 


Increase 


Inductance 


Increase 


Decrease 


Increase 
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Chapter 0 



TIUNSIENTS 



O'K Ttie function of many electronic circuits 
is wavoshaping for timing or controUTheae 
waveshaping circuits must produce a variety 
of nonsinusoidal waveforms^ such as square 
wavos^ sav\rtooth wavos^ trapezoidal waves^ 
rectangular waves, and peaked waves or 
triggers {figure 9-1), whose duration and 
amplitude can be controlled with respect to 
TIME . Proper operation of a waveshaping 
circuit depends upon the circuit*s response 
to a transient voltage or current. This chap- 
ter discusses transients in RC and RL series 
circuits. 

9-2, A TRANSIENT voltage (or current) is 
the rapid change of voltage (or current) 
from one steady state to another steady 
state. The time allowed for the transient 
action is called the TRANSIENT INTERVAL, 
The waveshape may be observed as a graph 
by plotting amplitude relative to time, 

9-3. A simple capacitor consists of two 
plates separated by insulating materialknown 
as dielectric, CAPACITANCE is the charac- 
teristic of a circuit or component which 



enablf^s it to store an oloctrical charge. 
Charges are developed when electrons are 
moved from one place to another resulting 
In an excess of negative charge at one point 
and a deficiency of negative charge at the 
other. Electrons cannot be moved instan* 
taneously. All capacitors take time to charge* 
The time required for a capacitor to charge 
depends on the amount of resistance through 
which the charging current flows^ and on the 
size of the capacitor. 

9-4, Figure 9*^2 shows a simple series cir* 
cult with a battery^ resistor^ capacitor^ and 
switch* When the switch is closed^ the series 
battery voltage is applied across the rc 
circuit. Since C has no charge at the first 
instant^ the initial charging is limited only 
by the size of R. The charging current flowing 
into C starts to accumulate* The accumulating 
charge appears as a voltage drop across C* 

9-5, As the voltage across the capacitor 
increases^ the voltage across the resistor 
decreases* It Is the voltage across the 
resistor and the amount of resistance that 
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SQUARE WAVE SAWTOOTH WAVE TRAPEZOIDAL WAVE RECTANGULAR WAVE 

Figure 9-1 



TRIGGERS 




Figure 9-2 
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ilrtfiinmo tht^ durt^lnj^ current. The rcslator 
value iiffcots the charging current and, tJiGrc- 
iorct tlic tlni^ roquirod to charge the capa- 
Ciun\ Cui)acltor size alao affects charging 
titno, The larger the capacitor^ the morC 
ttnic required to charge It to a glvenvoUagCt 

0-6* We liavG said that reaistance aifects the 
charging time of a capacitor, In addition^ 
the value of the capacitor affected the charging 
time. You may remember from an earlier 
lesson that the relationship between charge, 
voltage* and capacitance was expressed as 
Q :i BC, According to this equation if we 
hold £ constant^ and increase capacitance we 
increase the number of electrons required 
to charge the capacitor to that given voltage. 
Since more electrons are required to charge 
a larger capacitor; and» since the rate of 
the charging current is determined by the 
apppied voltage and circuit resistance. It is 
obvious that more time is required to charge 
a larger capacitor. The reverse is true If 
capacitance is decreased. 

9'7« The applied voltage does not aifect the 
tlmft required to charge a capacitor. When- 
ever the applied voltage changes^ the charging 
current changes a proportional amount, and 
the charging time is not aifected. 

9-8. The amount of resistance and capa- 
citance are the only factors which determine 
the time required for a capacitor to charge 
to a given percentage of the applied voltage* 
The same holds true for the time required 
for a capacitor to discharge* Since time, 
resistance, and capacitance are related, we 
can express this relationship mathematically 
as TC-RxC where TC is in seconds, R is 
in ohms, and C is in farads* The product of 
R times C is called a TIME CONSTANT. 

9-9. A time constant in an RC circuit is the 
time it would take a capacitor to charge to 
the applied voltage IF IT CONTINUED TO 
CHARGE AT ITS INITIAL RATE. However, 
as the capacitor charges, the charging current 
decreases, and the rate of charge decreases. 
The result is that a capacitor only charges 
to about 63% of the applied voltage in one 
timo constant (R x C). Because of this, A 
TIME CONSTANT IS DEFINED AS THE TIME 



REQUIRED FOR A CAPACITOR TOCHARGE 
TO 63% OF THE APPLIED VOLTAGE. 

0-10* During the flrflt time Constant, the 
capacitor will charge to G3% of the applied 
voltage. Since this capacitor voltage then 
opposes the applied voltage^ the difference 
between the applied and capacitor voltage 
(100% - 63% ^ 37%) is termed the AVAIL- 
ABLE voltage* During the second time con- 
stant, the capacitor will charge to 63% of 
the AVAILABLE voltage , This AVAILABLE 
voltage is 37% of the applied^ so 37% x 63% - 
23,3%* TO find what percentage of the applied 
voltage the capacitor has charged, simply 
add the percentages of these two charges, 
so 63% + 23.3% ^ 86, 3%, Repeating this 
process we find the capacitor charged to 
the following levels for the following: 

Third time constant - 

13.7% X 63*0% = 8.6% 
8.6% + 86.3% = 94*9% 

Fourth time constant - 

5.1% X 63,0% = 3,2% 
3.2% +94.9% = 98,1% 

Fifth time constant - 

1.9%x63.0%^ 1,2% 
1.2% f 08.1% =: 99*3% 

9-11. Theoretically, the capacitor will never 
acquire a full charge. However, the dif^ 
ference between the voltage applied and the 
capacitor charge is negligible alter fi\'e 
time constants. Therefore, it Is assumed 
that A CAPACITOR IS FULLY CHARGED 
AFTER FIVE TIME CONSTANTS {5 TC), 

9-12- Keeping the same values of R and C, 
the capacitor will always charge fully in the 
same period of time regardless of the magni- 
tude of the applied voltage. Applied voltage 
will, however^ determine the RATE of charge. 
By RATE we mean the rapidity with which 
the voltage across the capacitor builds up. 
It is this rate change that enables a capa- 
citor to fully charge in the same period 
of time despite variations of applied voltage. 
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TIME »N TIME CONSTANTS 



univepsal Exponential Curves for rc and lr circuits 



Figure 9-3 



The only way the capacitor*s full charge time 
can be changedis ty varyingthetime constant, 

9-l3» The opposite of the above is also true* 
A capacitorwill discharge 6S% during one time 
constant, 86.3% in two, 94.9% in three, 98,1% 
in four, and fully discharge in five time 
constants. Variations inthe magnitude of volt- 
age to which the capacitor is charged will only 
affect the RATE of discharge. Its discharge 
Time can be changed only ty varyingthetlme 
const anf. 

9-14, Remember: Variations in applied volt- 
age can change only the RATE a capacitor 
charges or discharges. Despite any such 
variations, a capacitor will always charge to 
63% of the applied voltage or discharge a 
like percentage during one time constant. By 
the same token> a capacitor wU always fully 
charge or discharge in five time constants. 



9-lS, Since a capacitor charges or dis* 
charges 63% of the AVAILABLE voltage 
during each time constant* a chart showing 
this change in percentage of voltage versus 
number of time constants can be plotted 
and used for all series RC circuits. Such 
a chart has been prepared for you and it 
is known as a UNIVERSAL TIME CONSTANT 
CHART. By knowing how to read the chart, 
you can determine the voltage across any 
component and the circuit current at any 
instant. Likewise, you will be able to deter- 
mine the time required for the circuit cur- 
rent (or the voltage across a component) to 
reach a given value. 

9-16. A tWlVERSAL TIME CONSTANT 
CHART is shown in figure 9-3* Notice that 
the horizontal axis indicates the number of 
time constants and that the vertical axis 
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ilidlcutoti tho PEnCENT ofvoUagOOrcurrOnt* 
Tho exponoutial curvo8, '*A" and *'D" woro 
plotted by calculating the indtantaneous capaci- 
tor voltage at many points during charge and 
discharge and t!onnecting the points with a 
smooth curve* At the end of five time con- 
<J9tantfl, the "A" curve is so near 100% we 
com^lder the capacitor fully charged and the 
*'B" curve is so near 0% that we consider 
tho capacitor fully discharged* 

9*17. Before using the charts we must 
consider one more time element the time 
that the capacitor will be allowed to charge 
Or discharge* The numbers along the hori- 
zontal axis of the chart represent the number 
of time constants (H x C) in the time allowed 
(t) for the charge Or discharge of the capa* 
citor. Mathematically, the number of time 
constants equals the time allowed for charge 
Or discharge divided by the time constant 
of the circuit. As an equation: 



where 



#TC = number of time constants 

t = time allowed for charge or discharge 
(seconds) 

R the resistance of the circuit (ohms) 

C - the capacitance of the circuit (farads) 

9-18* For RC circuits on charge, the percent 
of available voltage to which the capacitorhas 
charged is read on the "A" curve* The per- 
cent of available voltage across the resistor 
and the percent of maximimi circuit current 
are read on the "B" curve* Note that when 
the reading Is taken from the "B" curvethat 
you are starting with 100%, so that the per- 
centage reading is that percentage of voltage 
REMAINING across the componcntaorthe per- 
centage of current remaining in the circuit. 
If in one time constant the voltage decreases 
63%, then 37% remains acrossthe component, 

9-19. The functions of the '*A*' and **B" 
curves asusedinRCcircuits are summarized 
in the chart shown in figure 9-4, 



A CURVE 
E^or> eopaeitor ehorgt 

B CURVE 
Ep on copdciTor eharga 
I on eapociior etiarg« 
E^n eopocitor ditehorge 
Ep on eopaeiior dttehorgtf 
I on copaei^or dtiehorg^ 



Figure 0-4 



O'l^Oi One efficient way tolearntousethe time 
constant chart is by solving problems. 
Transient problems fall into three general 
categories: 

1, Determining circuit current and com* 
ponent voltages after a given time. 

2. Determining the time required for cir 
cult current and component voltages to reach 
a given value. 

3* Determining component values required 
for the circuit current and component voltages 
to reach a given value in a given time. 

9-21. PROBLEM 1 

9-22» Using the circuit values of figure 
9-5, compute the time constant, determine 
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iLxi} piivciTtxt of i^liurKd on the Capacitor, the 
volta^t>£J acro^d tho capacitor and renlstorp 
And circuit current 1200 mlcrod«concl£j after 
thL' Mwltcti U closedi 

:>ton 1: List what Is given and what Is to 
be found* 



Given: 



E A 40 volts 

a 

R ^ 5 k ohms 
C = OA microfarads 
t 3 1200 microseconds 



Find: 



Time Constant ^ 
4TC = 
% of Charge - 



I = 



Step 2: Compute the time constant. 

TC = R X C 



= 5 X 10^ X .1 X lO"^ 



.5 X 10 



6 



= 500 X 10 seconds 

Step 3: Computettienumberoftlmeconstants 
in ttie time allowed. 



#TC = 



t 

TTTC 



1200 X 10 



500 X 10' 
= 2.4 



•6 



Step 4: Locate 2.4 time constants on the 
horizontal axis of the time constant chart. 
Move Up the 2.4 line until it Intersects curve 



"A," From the Interaectloni read loft to the 
vertical axis of the time constant chart and 
determine the percent of charge (voltage) 
acrofid the capacitor. For this example you 
wUt find this percentage to be 01%i 



Step St Cdlculate the capacitor voltage. 

C a 
a .91 X 40V 

« 36.4 volts 



Step 6; Calculate resistor voltage. 

^R = ^a-^C 

= 40 V - 36.4 V 

= 3.6 volts 



Step 7; Calculate circuit current. Since 
current Is the same at all points In a series 
circuity resistor current Is circuit current. 

^ R 
3.6V 



5 k ohms 
= .72 mA 



9-23. In the preceding problem vie used the 
time constant chart to determine the circuit 
current and component voltages after agiven 
time. We are now going to use the time 
constant chart to determine the number of 
time constants required for the capacitor 
voltage to reach a given value of the available 
voltage. 

9-24. PROBLEM 2 

9-25. Use the circuit values of figure 
9*6. The capacitor Is uncharged^ After the 
switch is closed, how maiiy time constants 
are required for the capacitor voltage to 
rise to 30 volts? 
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Figure 9-6 



PROCEDURE 



Step 1: List what Is given and what is to 
be found. 



Given: 



= 50 volts 

a 

R = 100 k ohms 



C = ,2 microfarads 

Find; Number of time constants required 
for to reach 30V, 

Step 2: Determine the percentage of the 
available voltage that will be across the 
capacitor ty dividing the capacitorvoltageby 
the available voltage, and multiply the quo- 
tient by 100, 



30 V 
50 V 



= ,6 X 100 = 60% 



Step 3: Using the time constant chart, move 
up the vertical axis until you reach 60%, 
Since the capacitor was charging, move tothe 
right along the 60 percentlineunitlyouinter* 
sect the "A" curve. At the intersection read 
down to the horizontal axis to£lndthe number 
of time constants. For this problem, youwill 
find the number of time constants to be ,9, 

9*26, PROBLEM 3 

9*27, In figure 9*7 switch 1 Is closed, until 
the Capacitor is charged to the available 
voltage, then cqiened. Find the percent of 
discharge of the capacitor, capadtorvoltage, 
resistor voltage, and circuit current 130 
microseconds after switch 2 is closed. 




Figure 9-7 



PROCEDURE 



Step 1, List what is given and what is to 
be found. 



Given: 



E = 50 V 
a 

E^ = 50 V 

R = 40 k ohms 
t = 130 microseconds 
C - 0,0025 microfarads 



Find: 



#TC = 
% of Discharge = 

1 = 



Step 2: Determine the number of time con- 
stants in the time allowed. 



#TC = 



-6 

^130x10 ) 



^ " ^ (40 X 10^) (0.0025 X 10*^) 



= 1,3 

Step 3: Locate 1.3 time constants on the 
horizontal axis of the time constant chart. 
On discharge, the capacitor voltage is read 
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on thtj "D" curvot bo move up the 1*3 tlmo 
conrtta«t liiit* until you Jnterdect the "B" 
curve* 

Step 4; At the intersection of the U3 time 
constant tine and the "B" curve, read to 
the left to determine the percentage of 
voltage remaining on the capacitor* The 
percentage remaining is 27.5 percent* 

Step 5: Determine the remaining capacitor 
voltage. 



E^^SO Vx*275 
= 13.75 V 



Step 6: Since the capacitor is acting as a 
po^er supply during discharge, the resistor 
voltage is equal to the capacitor voltage or 
13*75 V. 

Step 7: Calculate circuit current. As the cir* 
cult is a series circuit, the resistor current 
will be the circuit current* 



I = 



13.75 V 
"5 ?CTq 



*344 mA 



Step 8: Determine the percent of discharge 
of the capacitor* Locate 1*3 time constants 
on the chart. On the "A'* curve read the 
percent of discharge as 72.5%* 

9*28* PROBLEM 4 

9-^29* Find the resistance of B in figure 
9-8 if the capacitor charges to 5G volts 
in 1000 microseconds* 
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PnoCEDURE: 



Step 1: List vvhat i^ given and vvhat is to 
be found* 



Given; 



Find; 



E ^ 100 V 
a 

E^^50 V 
t « 1000 microseconds 
C ^ 0*01 microfarads 
R = 



Step 2: Find what percentage of the available 
voltage is across the capacitor by dividing 
th capacitor voltage by the available voltage 
and multiplying ty 100. 



50 V 

icirv 



X 100 = 50% 



Step 3: Use the time constant chart to find 
the number of time constants required for 
the capacitor to charge to 50% of the applied 
voltage* Move up the vertical axis of the 
time constant chart to the 50% mark then 
move right to the intersection of the "A" 
curve. From this point, read do^wn to the 
horizontal axis* The number of time con- 
stants is 0*7* 

Step 4; Use the equation for the numt)er of 
time constants to solve for R. 



transposing; 



sutjstituting; 



#TC 



R = 



t 



Rx C 
t 

#TCx C 



R = 



Figure 9-6 



{1000 X lo'^) 
0*7 X (0*01 X 10"^) 

9-30 Deleted* 

9-31* Deleted* 



142*8 k ohms 
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d*32* Deleted. 



9-33» Deleted. 
9-34. LR Problems 

d-35. Just IS the voltage across 1 capacitor, 
due to the charge in the capacitor, is in 
opposition to the applied voltage^ the voltage 
induced in an inductor, resulting from a 
change In current through the Inductor, is In 
opposition to the applied voltage. 

d-36. In an HL circuit, the current through 
the inductor, which is proportional to the 
energy stored in the magnetic field^ cannot 
change instantaneously with a change in ap- 
plied voltage. 

9-37. The circuit in figure 9-9 is assumed to 
have no resistance. When the switch is closed^ 
current starts to flow, causing an expanding 
magnetic field which Induces anopposing EMF. 
With no resistance in the circuit, currentwlll 
increase at a rate which will cause the induced 
voltage to equal the applied voltage. The cur* 
rent must increase at a constant rate If a 
constant voltage is to be induced. 

9-38. Unlike current rls^ In a purely 
inductive circuit, the resistance in a series 
LR circuit prevents a linear rise in current. 
See figure 9-11. As the current increases, 
an increasing voltage drop across the resistor 
produces a decreasingvoltage drop acrossthe 
coil. The transient current in an LH circuit 
increases at a CONTINUALLY DECREASING 
RATE until the rate of change becomes zero. 




Figure 9-10 



The rateof current change becomes zerowhen 
the current reaches its maximum value and 
all of the applied voltage is dropped across 
the resistor. The "A" curve Of the universal 
time constant chart (figure 9*12)maybeused 
to determine current build-up inLRcircuits. 
Since the current through and the voltage 
across a resistor are in phase, resistor 
voltage on build-^up is also shown ty the 
"A^^ curve. The inductor acts as an open 
circuit at the first instant a voltage is 
applied; therefore^ onbuild»up, the inductor 
voltage is read on the *'B*' curve. 

9-39. The inductor acts as the power 
source during the decay of the electromag- 
netic field; therefore, during decay, the cur* 
rent, resistor voltage, and inductor voltage 
are read on the "B** curve. Figure 9*13 
summarizes this action* 

9-40. Having established the relationship 
of the "A" and "B" curves of the universal 
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T^mE in TIWE CONSTANTS 



UNIVERSAL EXPONENTIAL CURVES FOR RC AND LR CIRCUITS 



Figure 9-12 



time constant chart to the transient response 
of an LH circuity let us examine the two 
factors controlling the transient response: 
(1) inductance and (2) resistance* 

9-41* If the inductance is madelarger^ there 
will be more opposition to a CHANGE in 
current flow* It will take longer for the atr- 
rent to reach its maximum value*Therefore^ 
the TIME for current buUd-up is DIRECTLY 
PROPORTIONAL TO THE AMOUNT OF 
INDUCTANCE* 

9-42* If the resistance Is made larger^ the 
maximum value of current will be less* If 
the maximum value of current is less» the 
time required to reach maximum will also 
be less* Therefore, the TIME for current 
build-up is INVERSELY PROPORTIONAL TO 
THE AMOUNT OF RESISTANCE* 



A CURVE 
on field build— up 
f on F^eld build-up 

B CURVE 



on field byj|d-yp 
cn field collapse 
Ep 00 field collapse 
I on field coMopse 



rzpa-ios 



Figure 9-13 
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0-43* Ttii) tlmo In proportional to L divided 
by n and la called a TIME CONSTANTt In 
equation form; 

TC4 

where 

TC =* time forone time constant inaecOnds, 
L ^ inductance In henries 
H - resistance in ohms 



0-44t In one time constant the current will 
build up to 63% of the maximum current* 
At the end of tv^o time constants, current 
will have reached 66% of its maximum Value* 
The current rise in the LB circuit is com- 
parable to the rise of capacitor Voltage In an 
HC circuit, and current is consideredto reach 
its maximum value in five time constants* 
Likewise, the current Is consideredto reach 
zero in five time constants when the electo- 
magnetic field is allowed to decay. 



9-45. Having established the time of one 
time constant, we must now consider the time 
allowed for the current to build up or decay* 
Remember that the numbers along the hori- 
zontal axis of the time constant chart repre- 
sent the number of time constants allowed for 
the current build-up or decay* As an equation: 



#TC 



simpllXied: 



#TC 



Rxt 



#TC "number of time constants 

t = time allowed for build-up or decay 
(seconds) 

R = the resistance of the circuit (ohms) 

L = the inductance of the circuit (henries) 

9-46* Again we will use problem solving to 
apply the universal time constant chart to 
LR transient circuits. 



9-47, PROBLEM 1 

0-46, Find the percent of current build-* 
up, the Value of the current, the resistor 
voltage, and the inductor voltage, 2600 micrO" 
seconds after the switch is closed in figure 
9-14. 

PROCEDURE 

Step 1: Determine what is given and what is 
to be found* 

Given: E = 50 V 

a 

L ^ 10 H 
R =^ 10 k ohms 
t ' 2600 microseconds 
Find: #TC » 

%of I^ 

^max " 
^L^ 

Step 2: Find the number of time constants 
in the time allowed. 



#TC^- 



Rxt 




REP4-X02 



Figure 9-14 
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(10 X 10^) (2800 X 10*^) 



2,8 



Step 3: Using the time constant chart, go to 
the 2<8 time constant mark and then move up 
to the intersection of the "A'' curve* Read 
left to the vertical axis to find the percent-* 
age of current build-^up, which is 84% of 
maximum* 

Step 4: Since the maximum current will be 
reached when all the available voltage is 
across the resistor, the maximum current 
may be calculated by Ohm's Law where; 

E 

1 = ^ 
max R 

_ 50V 
= 5 mA 



Step 5: Find what value of current is 94% 
of 5 mA, This will be the current at the end 
of 2800 microseconds* 

1 = .94 X 5 mA = 4»7 mA 

Step 6: Calculate the voltage across the 
resistor at the end of 2800 microseconds 
by Ohm's Law* 

= 1 X R 

= (4.7x10"^) (10x10^) 
= 47 V 



Step 7: Calculate the voltage across the induc- 
tor at the end of 280O microseseconds by 
Kirchhoff's Law. 

E, = E - E„ 
L a R 

= 50 V - 47 V 
= 3V 
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Figure 8-15 
9-49. PROBLEM 2 

9-50. In the figure 9*15, 1200 microseconds 
after the switch is moved from position "A" 
to position "B" the currentwillhave decayed 
by what percent? 

Step 1: List what is given and what is to be 
found 



Given: 



E = 75 V 
a 



R = 10 k Q 
L = 34 H 

t > 1200 microseconds 

Find: Percent of current decay. 

Step 2: Find the number of time constants 
in the time allowed. 



#TC 



Rxt 



JlOx 10^) (1200 X 10"^) 



IT 



.35 



Step 3. Determine the percent of current 
decay. Locate .35 time constants on the 
chart* Move up to interect the "B" curve. 
Move left and read 70%* The percent of 
current decay is 30. {100% - 70% = 30%^ 

9-51. PROBLEM 3 

9-52. In figure 9-16, the irductor voltage is 
40 V, 1500 microseconds after the switch 



9-11 




Figure 9-16 

is dosed* What is the ohmic value of the 
resistor? 

PROCEDURE 

Step I: List what is given and^vhat is to be 
found. 



Given: 



Find; 



E = 100 V 

a 

Ej^ = 40 V 
L «25 H 

t - 1500 microswconds 
R = 



Step 2: Find \vhat percentage of the available 
voltage is representedby the inductor voltage* 



E"*" 100 V 

a 



Step 3: Find the number of time constants 
required for the Inductor voltage to change 
from 100 V to 40 V» Move up the vertical 
axis of the time constant chart to the 40% 
mark and then move right to the "B'* curve* 
Read down to the horizontal axis to find 
the number of time constants, 0.94. 

Step 4: Use the equation for number of time 
constants to solve for the resistance. 



R X T 



transposing: 



R =: 



»TCxL 
t 

U94) (25) 
1500 X 10'6 



= 15.7 k Q 

9-53. Deleted* 

9-54. Figure 9*17A is a simple squarewave 
generator. Switching from A to 6 then back 
to A in rapid succession will produce an 
output (figure 9-176) that goes from OV 
to lOOV at the rate of switching. At time 
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d-57« It is important to remember that 
the time t Is the time for one cycle* There- 
fore, if you vfOnt the time for one alter- 
nation^ the ansv/er must be divided ty two* 

For clarity, let's v/ork two problems* 



Figure 9-18 

tQ the switch Is placed in position A and 
the voltage at the output Jumps to 100 volts 
and remains at this value until time t^^ 
when the switch is thrown to position 5, 
The voltage drops Instantaneously to 0 volts 
and remains at that value until time t2 
when the switch is again placed in position 
A* 

9-55. From to to tj is one CYCLE, and the 
time cycle requires is called PULSE RE- 
current time (prt)* The frequency 13 
calculated by the equation: 




where f equals the frequency in hertz and t 
equals the pulse recurrence time inseconds, 

9-56* Each cyde consists of two alterna- 
tions* To to t^ Is the first alternation and 
tl to t2 is the second alternation* If the two 
alternations are equal in time» the square 
wave is symmetrical* The time of one alter-^ 
nation of a symmetrical square wave is one 
half the time for one cyde* If frequency is 
known the time for one cycle can he deter- 
mined by: 



9-58* The frequency of the output of a 
square wave generator as shown In figure 
9-18 is 1000 Hz* Find the time of one 
cycle and one alternation* 



1 

= * 001 seconds 

= 1000 microseconds 

As the 1000 microseconds represents the 
PRT, each alternation will be 500 
microseconds* 

9-59* In the output waveform showninfigure 
9-19, the time of each alternation is 100 
microseconds* Find the frequency of the 
square wave , 

t ^ 100 ^s + 100 ^s 
- 200 ^ s 



200 X lO" 
= 5000 Hz 
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Figure 0**20 

0-^6(X Time constants are classlXled as long» 
medium, or short* l3 a week a long iime^ 
a medium tlrne^ orashorttlme?That depends 
on what you use for comparison* If you are 
waiting for apay cheeky oranimportantletter, 
it is a long time; but iX you are building 
a house or writing a book» it is a short 
time* The actual time duration of the week 
remains the same, but It can be a long time 
Or a short time depending upon the standard 
to which it is compared* 

9*61* So it is with a TIME CONSTANT* A 
time constant depends on the values of R and 
C in an RC circuit or the values of L and 
R in an LR circuit* The components of an 
RC or LR circuit by themselves do not 
determine whether the time constant is long 
or short* Whether the time constant is con- 
sidered long or short depends on the time 
to which it is compared* Using a square- 
wave inputs the time used for comparison would 
be the TIME (t) FOR ONE ALTERNATION* 
It is the relationship between the time (t) 
of the alternation and the time constant 
(TC) that is the determining factor* If the time 
constant (TC) is LONG in comparison to the 
time of one alternation, then the time con- 
stant is considered long* If the time constant 
Is short In comparison to the time for one 
alternation^ then It is classified as a SHORT 
time constant Arbitrary limits have been 

established* When the ratio of - -j^or 

less, the time constant is LO^fG* When the 
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t 

ratio of ; 



— or more, the time 
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Figure 9*21 

constant Is SHORT* Thus» a time constant 
of 10,000 microseconds may be a short time 
constant in one case, while a time constant 
of 50 microseconds may be a long time con- 
stant in another* 



0-^62* All time constants between these 
limits are medium time constants* That is 

if is greater than Jq^^ less than — 

the time constant is MEDIUM* 

9*63* Deleted* 

9*64; If a square wave is applied to an 
RC circuit (figure 9<^20)» the output can be 
taken across the capacitor or the resistor* 
Likewise, if an LR circuit (figure 9*2!) 
is used, the output can be taken across either 
L or R* The waveshape across any of the 
components will depend on the time constant 
of the circuit* 

9-65, Figure 9-22 summarizes the output 
waveshapes where a square*wave input is 
applied to an RC or an LR circuit* 

9-66* In example 1 (long time constant), 
OUTPUT A Is taken across R in an RC 
circuit and L in an LR circuit* Notice that 
it has almost the same shape and amplitude 
as the input* OUTPUT B (across C In 
the RC circuit and R in the LR circuit) 
is greatly distorted* It is a triangular 
wave with a very small amplitude* 
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9-67. In example 2 (medium time constant), 
OUTPUT A Is distorted with a peak-to-peak 
amplitude greater than the input. OUTPUT B 
is also distorted but less than in example U 
The amplitude has increased and may be less 
than or equal to the input. 

9-68. In example 3 (short time constant), 
OUTPUT A is greatly distorted into a peaked 
wave with a peak-to-peak amplitude of twice 
the input amplitude. OUTPUT B, however, has 
almost the same waveshape as the input, 
with an amplitude equal to the input. 

9-69. Thus, we can get a variety of output 
waveshapes with a square wave input by 
choosing proper component values for the RC 
or LR circuit. 

9-70. DiiferentiatlonandlntegrationCircuits 

9-71, In the introduction to this chapter, 
it was stated that in electronics the function 
of many circuits is to produce nonslnusoidal 
waveshapes. Two processes commonlyused 
for waveshaping ? ^ differentiation and inte- 
graUon, Your knowledge of transient 
responses wiU help you understand how dif- 
ferentiation and integration provide a means 
for changing one type of waveshape to another 
type. 



9-72. Differentiating circuits produce an 
output voltage that is proportional to the RATE 
OF CHANGE of the input, or HOW FAST the 
input is changing. A differentiating circuit 
uses a short time constant and the output la 
taken across the resistor in an RC circuit 
or the inductor in an LR circuit. See example 
3, OUTPUT A, of figure 9-22. 

9-73. RATE OF CHANGE. Just what is 
meant by "rate of change?" Let us plot a 
steadUy increasing voltage against time. If 
the voltage increases 1 volt per second, the 
resulting graph would look like line A in figure 
9-23. If the voltage increases 2 volts per 
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Figure 9-23 
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socondj th*j graph would r«somble line B. It 
on the othor hancl^ tho vDltago changes only 
.5 volt/floconti^ the graph would resemble line 
C, Which voltage is changing the fastest? 
Line of course^ since it wont from 0 
to 4 volts in 2 fieconds* line C would repre-* 
sent the slowest change since it shows a 
change from 0 to 1 volts in 2 seconds • The 
SLOPE of the line then is an indication of 
how fast tho voltage is changing* The steeper 
the slope, the greater the BATE OF CHANOE* 
A vertical line would mean maximum rate of 
change. Likewise^ a horizontal line would 
mean zero rate of change or no change* 

fl-74* Deleted* 

8- ^75* Figure 8^25 shows the effect of a 
differentiating circuit on asquare wave input. 
At time tQf the input changes rapidly from 
one steady state to another* The rate of 
change is maximum^ and the output voltage 
is maximum* From to to tl there is no 
change and the output drops to zero volts* 
How fast it drops to zero depends upon the 
time constant of the circuit. At time t^^ 
there is another sudden change of voltage In 
the opposite direction^ and the output voltage 
is again maximum, but in the opposite 
direction* Look again at figure 8-22 {OUTPUT 
A in example 3) and note that you can get 
the same differentiated wave if you apply a 
square wave to a short time constant LR 
circuit with the output taken from across 
the inductor* 

9*76* Deleted* 

9^77* Integration 

9*78* An integrating circuit produces an 
output voltage that is proportional to the area 
under the input ^vaveform* Area equals voltage 
X time* 

9*29. A practical means of producing an 
integrated waveshape is to employ a long 
time constant RC circuit and take the output 
across the capacitor* The same waveshape 
could be developedby using longtime constant 
LR circuit and taking the output across the 
resistor. See example 1, output B in figure 

9- 22* 




I OUTPUT (E^^^) \ 

»0 ^ *1 '2 *3 U *S 

B 



Figure 9-25 

9-80* Deleted 

8-81* In figure 8-28» at time Iq, the square 
wave input is zero and the charge on CI 
is zero* AS time progresses from totot^, 
CI charges toward the applied voltage pro^ 
duclng an output that increases in amplitude* 
At time t^ the input passes through zero 
and becomes negative* From to t2> CI 
discharges to zero and charges toward the 
applied negative voltage* At time t2 the 
Input waveform becomes positive and CI 
discharges to zero and charges toward the 
applied positive voltage* 



9'82- A summary of the results of dif- 
ferentiation and Integration Is indicated in 
figure 8*29. A square wave is shown; how* 
ever> the circuits that have been described 
will handle any type of waveform* 
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9-84. In this chapter, you reviewed the 
characteristics of resistors, capacUorfl, and 
Inductors^ and you learned that a transient 
voltage or current is a voltage or current 
ehanglng from one steady state to another. 
The time required for this change is known 
as the transient interval, and the time and 
amplitude graph of the voltage or current i0 
known as a waveshapei 

9-85. In an RC series circuit you learned 
that the charge and discharge time of the 
capacitor is directly proportional to the 
value or resistance and capacitance^ and the 
product of the resistance and capacitance is 
called a time constant, A time constant is the 
time required for the capacitor to charge to 
63% of the AVAILABLE applied voltage. Id 
each successive time constant the capacitor 
charges 63% of the REMAINING voltage. The 
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9*83. Beiow are listed four brief statements 
that summarize what has t»een covered on RC 
and LR circuits. 



a. An RC circuit is adifferentiating circuit 
U the time constant is short and the output 
wave Is taken from across the resistor, 

b. An LR circuit is adifferentiating circuit 
if the time constant is short and the output 
wave is taken across the inductor. 



c. An RC circuit is an integrating circuit 
if the time constant is long and the output 
wave is taken across the capacitor. 



INPUT SQUARE WAVE 




INTEGRATED WAVE 




DIFFERENTIATED WAVE 

RBP4-123 



d. An LR circuit is an integrating circuit 
if the time constant is long and the output 
wave is taken across the resistor. 



Figure 9^29 
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capacitor Is coaiilclored fully charged after 
FIVE time} constants* Cbnvorsoly^acapacltor 
discharges 03%of the voltage remainlngacross 
it during a time constant and Is said to be 
completely discharged after FIVE time con- 
stantSi The Universal Time Cbnstant Chart Is 
a graph used to determine the percentage of 
charge or discharge of a capacitor plotted 
against the number of time constants* The 
vertical axis of the chart Indicates the 
percentage of full voltage (orcurrent)andthe 
horizontal axis Indicates the number of time 
constants* The number of time constants 
Is calculated by dividing the time allowed 
(for the capacitor to charge or discharge) 
by the time constant (RC)* 

9-86* The use of the Universal Time 
Constant Chart was explained for RC series 
circuits* it was shown that on charge capacitor 
voltage is read on the "A" curve and that 
resistor voltage and current are read on 
the "B" curve* lUrlng discharge, all volt* 
ages and currents are read on the "B" 
curve* 

9-87, The three general categories of 
transient problems were discussed: 

a» Finding the percent of currentandvolt- 
age after ^ given time* 

b* Finding currentandvoltageafteragiven 
time* 

c* Finding component valuesnecessaryfor 
the current and voltage to reach a given value 
in a given time* Problems were solved for 
each category* 

9-88, The values of the Inductance and 
resistance determine the transient response 
of an LR circuit* Since the resistance limits 
the final or steady-state value of current in 
an LR circuit, It is a factor governing the 
rate of current change. The time constant 
of a series LR circuit Is equal to the 
inductance expressed in henries divided 
the resistance in ohms* 



/ 



0-80* The use of tho Unlvoraal Tln»e 
Cbnstant Oiart with LP circuits was ex- 
plained* It was established that on build-up, 
Inductor voltage Is read on the "B" curve 
and resistor voltage and current are read on 
the "A" curve* During decay, all voltages 
and currents are read on the "B" curve* 
Again problems were solved to determine LR 
circuit transient response* 

9-90* You learned the characteristics of a 
DC symmetrical square ^*ave with emphasis 
*on the fact that the alternations are of the 
same duration* You calculated the time of a 
cycle when the frequency was known and cal- 
culated the frequency when the time of an 
alternation was known, 

9*91* RC time constants were classified 
as long, short, or medium with respect to 
the time allowed for the capacitor to charge 
or discharge* A time constant is long when 
it is 10 or more times greater than the time 
allowed* A time constant is short when it is 
only one-tenth, Or less, as long as the time 
allowed* All time constants between 10 times 
as long and one-tenth as long, are medium 
time constants* Time constant duration was 
emphasized by showing the waveshapes of long, 
short, and medium time constant circuits* 

9-92, Two processes for changing one type 
of waveshape to another type were introduced: 
(1) differentiation and (2) integration* Dif- 
ferentiating circuits produce an output in 
proportion to the rate of change of the input* 
The circuit uses a short time constant with 
the output taken across the resistor in an RC 
circuit and across the inductor in an LR 
circuit* Integrating circuits produce an output 
proportional to the area under the curve. 
The circuit uses a long time constant with 
the output taken across the capacitor in an 
RC circuit and across the resistor in an 
LR circuit. We showed how one waveshape 
may be changed to another differentiating 
or Integrating a square wave. 
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Chapter 10 



HLTERS 



lO'^L We will introduce filters using the 
series resonant circuit. But first we need 
to know what a filter Is and why it is used. 
A filter 15 a circuit consisting of a number 
of impedances grouped together in such a 
way as to have a definite frequency char- 
acteristic. Filters are designed to pass a 
certain range of frequencies freely and to 
block another range of frequencies* 



the capacitor acts as an open and tho 
inductor like a stort. Figure iQ-i gives a 
pictorial representation of these two basic 
components. Note how they respond to low 
and high frequencies, 

10''4. U we apply these same principles to 
simple circuits (see figure 10*2)they respond 
as stown for low and high frequencies. 



10-2* Filters make use of the variations of 
inductive and capacltlve reactance with fre- 
quency. The variation of impedance in series 
RCL circuits is used to pass or reject cer- 
tain bands of frequencies* The range over 
which passage occurs freely is called the 
bandpass; and the range over which poor 
passage occurs is called the attenuation 
band* The frequency at which attenuation 
starts to increase rapidly is known as the 
cutoff frequency. 



10-5. Let's see how we can use the series 
resonant circuit as a filter* Refer to figure 
10-3. We know that at resonance and E]^ 
are equal and opposite (180° out of phase); 
Z is minimum and current is maximum. 
If we take an output across the resistor 
when the circuit Is at resonance^ we get the 
maximum possible voltage (Ep = E^). As we 
tune the generator to either sldeof resonance^ 
the output will decrease. This Isshownbythe 
frequency response curve in figure 10*4. 



10-3* Let's review and . apply the basic 
principles of the frequency response char- 
acteristics of the capacitor and inductor. 
Recall the basic formula for capacitlve 
reactance and inductive reactance. 



1 



2'7rfC 



= 277'fL 



If we increase frequency^ decreases and 
X]^ increases. If we increase frequency 
enough* the capacitor acts as a short and 
the inductor acts as an open. Of course the 
Opposite is true;decreasing frequency causes 
X^ to increase and X]^ to decrease* Here 
again* if we make a large enough change* 



10-6. The frequency response curve is for 
a BANDPASS filter (figure 10-4), The fre- 
quencies between the half power points pass 
to the next circuit* The other frequencies 
which fall below the lower half power point* 
and the ones above the upper half power 
point are filtered out; these two bands of 
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frequencies? fall in the "attenuation" bands. 
The half power points are the cutoff 
frequencies. 

10-7. Lf the output is taken across both 
the inductor and capacitor^ the frequency 
response curve resembles figure 10-5< This 



is a BAND REJECT filter , Band reject 
filters are designed to reject a definite 
band of frequencies and pass all other 
frequencies. The LC portion of this circuit 
appears to the signal as a short at the 
resonant frequency^ and an open for fre- 
quencies above and below resonance. 
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10'3. Another filter of major importance is 
the LOW PASS filter- This filter does 
exactly what the name implies; It passes 
low frequencies and rejects high frequencies. 
Some examples are shown in figure 10-6, 

The other type filter is the fflGH 
PASS filter. Just opposite of the low pass» 
this filter p^ses hlghfreguencies and rejects 
low frequencies. One example is shown in 
figure 10-7. 

10-10. The basic configurations into which 
LOW PASS, HIGH PASS, BANDPASS, and 
BAND-REJECT filters are assembled are the 
L-SECTION, consisting of one series and 
one paraUel arm; the T-SECTION, 
consisting of two series arms and one shunt 
arm; and the PI SECTION, consisting 
of one series arm and two shunt arms. Sev- 
eral sections of the same configuration can 



be joined to improve the attenuationor trans- 
mission characteristics. We will discuss 
single-section L-, T-, and Pi-type filters. 

lO-ll. Deleted 

10"12. Low pass Filters 

10-13» The L-, T-, and Pi-section types of 
low pass filters are shown in figure 10-8 A» 
B, and C, In this simple type filter, the 
series filter arm impedance is Xl,> and the 
shunt filter arm impedance is X^^. The 
low pass filter shown has a gradual cutoff 
characteristic. 

10-14» The formula for determining cutoff 
frequency is: 

I 
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L and C are In henries and farads respec- 
tively. The low-pass filter passes frequen- 
cies below f^ freely; and attenuates all 
frequencies above the cutoff frequency. See 
figure 10-8D. To understand this action, you 
must take into consideration the basic 
characteristics of the inductorand capacitor. 

10-15. in the L-section, LC, low-pass filter, 
figure 10- 8 A, the L and C forrti a frequency 
sensitive voltage divider* At low frequencies 
the reactance of the series inductor is low 
while the reactance of the shunt capacitor 
is high. Very little voltage is dropped across 
the low reactance of the Inductor. Mostofthe 
applied voltage will be dropped across the 
high reactance of the capacitor. The voltage 
across the capacitor is applied to the load. 
At high frequencies most of the voltage willbe 
dropped across the high reactance of the 
series inductor. Very little is dropped across 
the low reactance of the shunt capacitor* 
The low voltage drop across the capacitor 
is applied to the load. As frequency is 
Increased, the voltage applied to the load 
will remain nearly constant up to the cutoff 
frequency of the filter. Above cutoff, the 
output of the filter drops rapidly (figure 
10- 8D). 



10-16, Deleted 

10-17, Deleted 

10-18. Deleted 

10-19. Deleted 



10-20. To form the T-Bection low-pasB 
filter (figure 10-8B), the coil of the L-sec- 
tion filter Is divided into two equal parts 
and placed before and after the capacitor. 
Coils offer very little opposition to current 
at low frequencies. As the frequency in- 
creases^ the inductive reactance increases; 
therefore, the coils offer a larger opposition 
to the flow of current. Any high frequency 
current that gets through the firBt coil passes 
through the capacitor, whose reactance to 
high frequencies is low, and does not reach 
the output. For low-frequency currents, the 
inductive reactance is small and the capaci- 
tlve reactance is large* Accordingly, these 
currents readily pass through both coils to 
the load. This is shown graphically by the 
characteristic curve, figure 10-8D* Full 
values of L and C are used for the L*sec- 
tion; for the T section, the inductor value 
is halved as shown, 

10-21, The Pi-type filter shown in figure 
10-8C is formed from the L-type filter by 
dividing the capacitor into two equal parts; 
then placing one at each end of the coiL 
In this case, the high frequencies see a 
low-impedance path at the first filter capa- 
citor; and a high attenuation at the series 
inductor. Any remaining high-frequency sig* 
nals are then effectively shunted by the low 
impedance of the second (output) capacitor* 
The T- and Pi-type filter operation is identi- 
cal to that of the L-sectlon filter; but the 
T and Pi arrangements offer equal impedance 
when looking into the filter from the INPUT 
or OUTPUT terminals. For example, the T 
and Pi circuits filter equally well from either 
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tlio IN or OUT terminals; you could swap 
Input ami output connections and have no 
chati^o in flUorlni; action* This is a sym- 
metrical filter^ 

10-22. The L-^SGctlon filter offers high 
Impedance to a high frequency at the Input 
sldCj but low Impedance at the output side* 

10-23. Hlgh-^Pass Filters 

10-24, The T-p and Pt-sectlon types of 
high-pass filters are shown In figure lO-E, 
Ff and G. The hlgh-^pass filter, like the 
low-pas5p has a gradual cutoff frequency* 

10*25* Hlgh-pass filter circuits using Indue* 
tance and capacitance have the same con* 
figurations as do the lowpass filters* By 
simply reversing the position of the com- 
ponents In the low'pass filterj It becomes a 
high-pass filter, For the L-sectlon LC, 
high-pass fUterp refer to figure 10-8EandH* 

10-26* As you will notice the capacitor Is 
now In series with the Input signal; the 
inductor is In shunt* If the resonant frequency 
Is applied to this circuit, the capacitor 
offers the same amount of opposition as the 
Inductor, When the frequency goes below 
resonancej the capacitor will offer more 
series opposition and the inductor offers a 
shunt path of low opposition to ground. This 
reduces the signal that will reach the load* 

10-27* The thing you should notice for the 
T-section high-pass filter is that the sizes 
of the capacitors are doubled* See figure 
10'8F, The value of each capacitor is doubled 
so that the combination will offer the same 
opposition as in the L-sectlon* Notice the 
value of the inductor has not changed. The 
same operational analysis applies to this 
circuit as the L-section, 

10-28* For the Pl-section, high-pass filter, 
the inductors are doubled in value. See 
figure 10*80, We have, in effect, two induc- 
tors in parallel; so the effective Inductive 
reactance remains the same as in the other 
two high-pass filters, 

10-29* Deleted 



10-30. Bandpass Filters 
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10-3K The L*p T-, and Pt-soctlon typos of 
bandpass filters are shown In figure I0-8Ip 
iTp and K, The Frequency characteristic 
of bandpass filters is shown in figure 10->8L. 
Refer to figure 10-81 for basic operation of 
the L"type bandpass filter; LI and CI form 
a serles^resonant circuit and L2*C2 form a 
parallel- resonant circuit* The component 
sizes are selected so that each circuit will 
have the same resonant frequency* 

10-32t At the resonant frequencyp the series 
resonant circuit (Lip Cl) offers minimum 
opposition to the signal* The parallel reso- 
nant circuit (L2p C2)p offers maximum oppo- 
sition to the signal* This means that maxi- 
mum signal will pass to the load* If the 
applied signal frequency Increases or 
decreases from resonant frequency, LI and 
Cl offer a larger opposition and L2 and 
C2 offer less opposition* The bandpass filter 
has an upper and lower cutoff frequency 
(fl and f2)* These points determine what 
frequencies will pass to the load* Of course 
the values of the circuit components deter-* 
mine where these points will fall* 

10-33* Figure 10-9 shows an L->sectionband-> 
pass filter with the component 
values Indicated. This filter will pass fre- 
quencies between 300 kHz and 500 IcHz* 
Frequencies below 300 kHz and above 500 
kHz will be attenuated* 
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10-35, The T- and Pi-type bandpass filters, 
shown in figure 10-8J and function in the 
same manner as the L-type, but are sym- 
metrical* 
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lO-atit Uund-rtojoct Filter 

10-37. The frequency characteristic of band- 
reJectLon filters Id shown In figure lO*8Pt 
Refer to fitipjre 10*8M for the schematic 
of the L-section band-reject filter. 



LI and CI, offerei mtucimum opposition to 
the resonant frequeney. The series circuit, 
C2 and L2, offers minimum opposition to 
this same frequency. Thus, tJte energy thttt 
is not attenuated by Ll-Cl is shorted buck 
to the input through L2*C2. 



lO'^Sfi. Band-rejeet filters will reject 
a certain band of frequencies. Two resonant 
eircuits are tuned to the center frequency 
of the reieeted band. The parallel eircult^ 



10*3dt The frequency response eurvejigure 
10-8P, shows that the band-reject filter also 
has two cutoff frequencies* 
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Chapter 11 



COUPMNO CIHCUITS 



11-1. ' Coupling' \H denned aa the means 
by which signals are transferred from one 
circuit to another. Wires, resistors, coils, 
capacitors, or transformers may be used to 
perform this function. Coupling may be 
direct* resistive, inductive, or capaclttve. 



11-2. In this section* we will discuss and 
analyze direct-coupling, RC-coupUng, LC- 
couplingf and transformer-coupling circuits. 



11-^3. Direct Coupling 

11-4. The first coupling circuit is direct 
coupling* as shown In figure 11*1, Direct 
coupling may use a conductor to connect 
two circuits together; this provides a DIRECT 
path for signal currents. This type coupling 
provides an exact reproduction of the input 
signal at the output of the coupling circuit. 



This exact reproduction is called ''high 
fidelity,'* which Is desirable. It also couples 
DC voltages from the Input to the output. 
This has both advantages and disadvantages* 

11'5« In place of the wire (figure 11*1A), 
direct-^coupling circuits often use a resistor 
(figure U'lB). The coupling resistor is 
in series with the signal path* The input 
voltages feed through the resistor to the 
output circuit. The loading effect of Zl 
will cause a decrease in signal amplitude 
at the coupling network output. Current 
through the coupling resistor causes a volt- 
age drop which subtracts from the Input 
signal. 

11-6. Direct coupling operates over a vdde 
frequency range, beginning at 0 hertztRecall 
that frequency does not affect resistance* 
Direct coupling circuits have no reactive 
components and are considered "resistive," 
with no phase shift* 
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Figure 11-2 
11-7. RC Coupling 

ll-8» Figure 11-2 shows a typical RC cou* 
pling circuit connecting two circuits. The 
signal applied to is the voltage developed 
across the resistor. Observe that the capa-^ 
citor blocks the passage of DC voltage 
from one circuit to the other. The input to 
the coupling circuit is at a 10-volt reference, 
but the output reference is zero. 

11*9, An Important consideration in RC- 
coupled circuits is the relative magnitude and 
phase between the input and output voltages* 



na can be conaiderod to be In parallel, ni, 
n2, and n3 act like a aeriea-parallel resis- 
tive circuit. The frequency range where 
C acta as a short becomes the operational 
frequency range. This is shown in the fre- 
quency response curve of an nc-coupllng 
circuity figure 11-3. 

11-12. On the other hand, the lower the fre- 
quency, the greater the reactance of C* 
This causes a smaller portion of the voltage 
across R2 to appear across R3;andagreater 
phase difference to exist between Ep2 and 
Ep3, with leading. As you recall from 
filter circuits, as the frequency becomes 
lower, the capacitor acts more like an open. 
At 0 hertz, the capacitor will completely 
block the signal and the output drops to zero 
as shown in figure ll'-3. 

11-13* The voltage across R3 also drops off 
at the very high frequencies* If we increase 
the frequency above point b In figure 11-3, 
a factor called "stray capacitance'* atten- 
uates the signal* Wiring and tilings like the 
resistor leads form a capacitance. It is 
such a low opposition at high frequencies 
that the signal is greatly attenuated* 

11-14* You can see, therefore, that there can 
be a large change in output voltage and phase 
when frequency Is varied. In practical RC- 
coupling circuits, the range of frequencies 
passed is determined by capacitance, 

11-15* At frequencies above point '*a** the cap^ 
citor offers a minimum amountof impedance to 



11-10* As has been discussed in preceding 
lessons, capacitor current leads capacitor 
voltage by 90*. This means that the signal 
voltage developed across R3 cannot be in 
phase with the signal across R2, The voltage 
across R3 will lead the voltage across R2 
by some angle between 0' and 90*. You can 
see this if you draw CI and R3 as a series 
circuit* Use the voltage across R2 as E^. 

11-11* Now, let's consider the effects of 
frequency on this type of circuit* The higher 
the frequency, the smaller the reactance of 
the capacitor, and the more resistive the 
circuit. When this happens, resistors R2 and 
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I'igure 11-4 

the signal* The lower frequency limit of the 
RC-coupling circuit falls where R = Xq and 
the output equals .707 of the input signal* 
The upper frequency limit falls at point "b'^ 
where the stray capacitance causes the output 
signal to equal *707 of the input signal* 

I- 16* LC Coupling 

II- 17* LC coupling, like RC coupling, is used 
in circuits with frequencies ranging from 
audio to RF* 

ll'ld* During the discussions of capacitors 
and inductors* the relative impedance of 
these devices at various frequencies was 
identified* These characteristics are used 
to explain the action of the LC- coupling 
circuit* 

11-19* Refer to figure ll-4» At very low 
frequencies Xq is very high and prevents 
coupling of the signal* As frequency 
increases, decreases, and increases* 
This causes the output to increase* At some 
frequency C and L become series resonant 
[Xq - X^^)* The output may then be more 
than the Input, determined by the Q of the 
coupling circuit* A further increase in fre- 
quency causes the output to drop* Going away 
from resonance, current decreases; there- 
fore, I X X]^ decreases. 



11-3 



11-20* At some Wghfrequencytheimpedance 
of the capacitor becomes very low; so the 
capacitor acts as a short und the high reac- 
tance of the inductor is effectively in parallel 
with R2* The voltage output, then, will nearly 
'^qual the voltage across the resistor R2* 



11-2K Figure 11-5 is a typical response 
curve of an LC- coupling circuit* Both RC- 
and LC- coupling circuits are considered 
"capacitive" coupled circuits* Now> we will 
discuss inductive coupling* 
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11-22. Transformer Coupling 

11-23. You studied three types of trans- 
formerSf power, audlo» and RF» in pre- 
ceding lessons. Of these the audio and RF 
transofrmers are used in coupling circuits. 
Coupling transformers consist of two or niore 
coils that couple energy by mutual inductance* 
Depending on the frequency, a transformer 
may use an iron» a magnetic alloy» or an 
air core. The coil connected to the signal 



source is called the primary winding; the 
coil connocted to the load is called the 
secondary winding* Tho main area of concern 
is why transformers are sometimes used in 
coupling circuits^ rather than RC or LC 
coupling, 

11*24. Transformer coupling has certain 
characteristics which are not available with 
other types of coupling circuits. A voltage 
step*up or step-down can be obtained with 
a transformer. The two separate windings 
black DC voltages. Transformer coupling 
can be used to couple a hlgn impedance 
source to a low impedance load, or vice 
versa, by choosing a suitable turns ratio. 

11-25* Other characteristics of transformer 
coupling considered disadvantages are: 
greater cost, greater shielding requirements 
and the possibility of poorer frequency re- 
sponse at the higher and lower frequencies. 
Figure 11-^6 shows a typical response curve 
of an audio transformer. 



Chapter 12 
THE OljClI.LOSCOPE 



12-1. The oscllloscopo la a test instrument 
that Is capable of a number of functions* 
First, it can measure voltage; second, it can 
determine Irequenciesi tlUrd; it can show 
waveforms* Some oscilloscopes can also 
display two waveforms at the same time^ 
making comparisons possible* The oscillo- 
scope is commonly referred to as a SCOPE. 

12-1. Oscilloscopes vary Irom the simple 
to the complex. They are made in a number 
of sizes by many manulacturers. Therefore, 
there are many models, but they all have 
certain elements in common* First, all 
scopes have a cathode ray tube which has 
a face, or screen, where waveshapes are 
displayed* 

12*3. Second, controls are provided to adjust 
the display so voltage, time, and frequency 
can be determined. 

12-4. An important control, andonecommon 
to all scopes, is the INTENSITY control* 
Its proper use gives a good image and 
prevents burning a hole into the coating on 
the face. 

12-5. The FOCUS control permits the 
adjustment of the sharpness of the dot, or 
trace , in addition to this control some 
scopes may have an ASTIGMATISM control. 
It insures that all parts of the waveform 
will be in focus at the same time. 

12-6. The HORIZONTAL POSITION control 
permits the operator to position the dot, 
or waveshape, to the right or left on 'the 
scope face. When used with the VERTICAL 
POSITION control, which positions the dot 
up and down, it is possible for the operator 
to move the dot to any point on the face of 
the scope. 

12*7. A vertical input jack is provided 
on the front of the scope* The signal to 
be viewed is normally brought in on the 
vertical input and goes to the vertical 
deflection plates. The normal input to the 



horizontal deflection plates is the sweep 
voltage from the internal sweep generator. 
The Sweep voltage causes the dot to move 
from left to right across the screen. As 
this happens, the signal voltage causes the 
dot to move up or down as signal ampli- 
tude varies, until the dot reaches the right 
side of the screen* At this time the sweep 
voltage goes from maximum positive to maxi- 
mum negative very rapidly, and the dot 
returns to the left side. The time required 
or this return is called FLY BACK TIME. 
See figure 12-1* A horizontal input Jack is 
provided on the front of the oscilloscope 
for use when the horizontal input signal 
does not come from the internal generator* 



12-8. Scopes come equipped with a direct 
probe, which connects the oscilloscope to the 
signal to be viewed* Some scopes are equipped 
with an attenuator probe. The most commonly 
used attenuator probe is the lOsl. This 
reduces the input signal to one tenth of the 
original value to extend ^e voltage range 
of the scope. A 10:1 attenuator probe will 
reduce a 400 volt input to 40 volts* In this 
way, the range of the scope is extended. 

12-9. A CALIBRATED ATTENUATOR control 
for vertical deflection, reduces the vertical 
input signal amplitude. This circuit extends 
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the range of tlie acope. Uaing it» a large 
input voltage can be reduced and measured. 
Without it the signal would extend off the 
scope. Damage to the scope could possibly 
result* Any voltage applied to the vertical 
plates will cause the dot to extend up and 
down in proportion to the voltage applied. 

12*10. In addition to vertical deflection, in 
order to analyze waveshapes* we must have 
the dot extended into a line across the 
face of the scope horiMntally. For this, the 
scope has a SWEEP circuit which causes the 
spot to sweep across the screen. Actually, 
the dot is first positioned to the left side of 
the screen, and then, by electrostatic or 
electromagnetic fields, the dot Is moved from 
left to right. As soon as it reaches the right 
side, it is quickly moved back to the left 
to retrace the path just made. When the dot 
sweeps across the screen, it will appear as 
a solid line to the eye. The Inner surface 
of the CRT screen is coated with a phos- 
phorescent material which glows for a time 
after the dot has moved; this is called 
PEBSISTENCE of the screen. The rate of 
movement can be controlled by horizontal 
sweep circuits inside the scope. It is the 
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Figure 12-2. Deflection Inputs 

horizontal sweep that must be synchronized 
with the input waveform to cause the input 
waveform to appear stationary on the face of 
the scope. Obviously, the horizontal sweep 
voltage is applied to the horizontal deQec- 
tion plates (figure 12-2), and the input wave- 
form is applied to the vertical deQection 
plates. 

12-11. The oscilloscope you will be using 
in the Electronic Principles Course is the 
Ballantine pictured in figure 12-3. The con- 
trols are numbered on figure 12-3 and these 
numbers match tlie first column call-out 
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number** of Table 12-L To help you become 
familiar with this scope» read the functions 



of each nun^bered control as you locate the 
Control on the figure. 



Table 12-1 AN/U3M-3fl8 Front Panel Controls, Indicators, and Connectors 



CALL OUT CONTROL/INDICATOR/ 
NUMBER CONNECTOR 

1 SCALE ILLPM 



2 CATHODE RAY TUBE 

3 FOCUS 

4 ASTIG 

5 INTENSITY 

6 UNCAL 

7 time/cm (outer knob) 



VARIABLE (inner knob) 



o (outer knob) 
# (inner knob) 



FUNCTION 

Adjusts brightness of CRT graticule background 
Illumination* Turns power off In POWER OFF 
detent. 

Visually displays signals applied to vertical 
and horizontal Inputs* 

Adjusts sharpness of display. 

Adjusts roundness of trace spot* 

Controls brightness of display. 

Lights when TIME/CM VARIBLE Control (7) 
is not in CAL (calibrated) position. 

Selects horizontal sweep speed. Determines time 
required to sweep horizontal one graticule 
division* 

When set to EXT X selects horizontal control 
by external signal applied to EXT X BNC^ 
input jack (11)^ disabling the internal sweep 
circuit. 

When set to X'^Y selects horizontal control 
by external signal applied to channel 1 bNC 
Input Jack (marked X) (22)* 

Provides continuous and overlapping adjustment 
of sweep speed between calibrated positions of 
time/cm outer knob. Calibrated to TWIB/ 
CM position when set fully clockwise to CAL 
detent position. Must be set in CAL position 
when measuring time* 

Provides coarse adjustment of horizontal posi- 
tion of display* 

Provides fine adjustment of horizontal position 
of display. 

*BNC is a special connector that permits a 
connection from one of the input jacks to a 
banana plug connector* 



12-3 



Table 12-1, AN/USM-30B Front' Panel Controls^ Indicators, and Connectors (Cont) 



CALL OUT control/indicator 
NUMBER CONNECTOR 



8 



PULL XIO MAG (Inner knob) 



CAL IV 



10 



BEAM FINDER 



11 
12. 



EXTX 

TRIG SELECT (outer knob) 



FUNCTION 

In pulied-^out position, causes magnification of 
horizontal sweep or EXT X signal byfactorof 10 

Test point provides l->kHz stluare wave at 1 volt 
p-p amplitude* May be used for vertical sensi* 
tivlty Calibration and divider probe compensation* 

Reduces gain of deflection circuits, thus limiting 
beam deflection to within the CRT graticule. 
Also operates on blanking amplifier to release 
sweep retrace blanking, 

NOTE 

Make sure INTENSITY control (5) is turned 
up high enough to make beam visible when 
using BEAM FINDER, but not too bright 
so as to burn the coating* 

Connector for an external horizontal Input, 

Selects source of timebase trigger signal as 
follows: 



UNE 



CHI 



CHI f 2 



EXT 



FREE RUN 



Plckoff from ac line 
voltage, positive or nega- 
tive slope, 

Plckoff from CHI ver- 
tical amplifier signal, 
positive Or negative 
slope, 

Plckoff from the dis- 
played composite verti- 
cal deflection signal, 
positive or negative 
slope, (Not to be used 
in CHOP modeO Use with 
ACF and DC trigger 
coupling* 

Plckoff from external 
trigger applied to EXT 
TRIG Jack (13), posi' 
tlve or negative slope. 

Sweep recurs at maxi* 
mum repetition rateand 
with speed set by the 
TIME/ CM switch. 
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Table 12-1. AN/uSM-308 Front panel Controls, Indicators, and Connectors (Cont) 

FUNCTION 



CALL OUT CONTnOL/lNDICATOn/ 
NUMBEn CONNECTOR 



12 



LEVEL (Inner knob) 



13 
14 



EXT TRIG 
CHOP-ALT switch 



15 



AC-ACF-DC (Trigger Coupling) 



16 

17 

18 
19 



PULL TO INVERT CH2 



SEPARATE' CHI &CH2 



Y (CH2 input) 
UNCAL 



Selectfi point on amplitude of trigger signal 
that starts sweep. In AUTO position^ sweep 
synchronizing triggers are produced automatic 
callywhen signal exceeds 40-Hz repetition rate 
and exceeds minimum level. In absence of 
trigger signals* sweep runs free to produce 
bright Une, 

Connector for external trigger signal. 

Selects display switching mode for dual trace 
vertical deflection. 

ALT - CHI and CH2 alternate 

with each sweep* Used 
for normal dual trace 
displays 

CHOP - CHI and CH2 alter- 

nate at 400 kHz. Used 
only whencomparing sig- 
nals on long time bases 
(slower than Ims/cm), 
Never used with CHI £ 
2 trigger selection* 
Never used with time* 
base sweeps faster than 
1 ms/cm. 

Selects capacitive or direct coupling of trigger 
signal. Direct coupling (DC) is normally used 
for slow or erratic sync signals. Capacitive 
coupling (AC) blocksDC component butattenuates 
signals below 50 Hz, Fast capacitive coupling 
(ACE) attenuates signals below 50 kHz and is 
used to block unwanted low frequency com- 
ponents of the trigger signals. 

Selects polarity for CH2 display. In pulled out 
position inverts CH2 polarity. 

Selects mode for display of vertical deflection 
channels^ separate or added. 

Connector for CH2 vertical input signal, 

Ughts when either VOLTS/CM VARIABLE con* 
trol (20) is not in CAL position. 
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Table AN/USM-SOB Front Panel 

CALL OUT CONTHOL/lNDlCATOn/ 
NUMBER CONNECTOR 

20 CHI VOLTS/CM 

(outer knob) 

20 CHI VARIABLE 

(inner knob) 

21 CHI AC-GND-DC 

(Input Coupling) 

22 X (CHI input) 

23 CHI J 

24 BAL 

25 CH2 OUT 

26 Y CAL 

27 Power 

Probe trimmer screw 
adjustment (not shown) 



Controls* JndicAtora, and Connectors (Cont) 



FUNCTION 

Selects channel I vertical deflection factor for 
calibrated measurements. 

Provides continuous uncalibrated adjustments 
between calibrated posltlnsofouter knob. Must 
be set to CAL position when measuring voltage. 

Set to AC when applying an AC signal or DC 
when applying a DC signal. GNO grounds out 
either signal to enable operator to establish a 
reference line* 

Connector for CHI vertical Input signal and for 
horizontal Input signal when TIME/CM switch 
(7) Is set to X'Y position. 

Adjusts vertical position of CHI display. Switches 
CHI Off when In OFF detent. 

Adjusts to minimize vertical position change 
when rotating volts/cm switch. 

Connector for output of CH2 vertical amplifier 
signal. 

Provides adjustment of vertical sensitivity for 
both channels. 

Lights when operating line power is applied. 

Adjusts frequency compensation of attenuator 
probe. 



12-12, To effectively use the oscilloscope, 
it is necessary to have a more complete 
understanding of the function of certain 
controls and accessories. 

12-13. time/cm Control 

12-14. The time it will take the electron to 
travel across the scope is determined by 
the time/cm control. The control is divided 
into three areas of time from 1 second to 
,5 microseconds. 



12-15. The CRT scale is divided into 10 
horizontal divisions that are 1 centimeter 
apart. If the TIME/CM control were set to 
the 1 microsecond position, the sweep would 
move 1 centimeter in 1 microsecond, or 
completely across the scale in 10 micro- 
seconds. If an AC signal on the scale shows 
that 1 cycle is 7 centimeters long and the 
time/cm control is set to 5 microseconds, 
the time for one cycle would then be 35 
microseconds. A horizontal scale permits 
signals to be measured in tenths of a 



12-6 



ERIC 



149 



contlmetcr* U one cycle la 7*4 centlmoters 
and tlw TIME/CM Control is set to 5 mlcro- 
si'coitdf the time for ono cycle is 37^0 
mlcroflecondtii 

12-16, VOLTS/CM Control 

12-17. The input signal is fed to the VOLTS/ 
CM controli This front panel control ateps 
down the amplitude of the Input voltage. 
Thla control la related to the vertical scale 
on the face of the cathode ray tube* The 
scale Is divided Into six one centimeter 
divisions and it is used to measure ampli- 
tude* The VOLTS/CM control Is calibrated 
in ranges from 5 millivolts to 20 volts per 
division. Therefore, if the amplitude of the 
signal is six divisions and the VOLTS/CM 
control Is set to 20, the peak'to'peak ampU' 
tude would be 6 x 20 or 120 volts* Thia Is 
the maximum voltage that can be measured 
by this scope without using an external 
attenuator. 

12-18. Attenuator Probe , 

12-19. To obtain an accurate signal repre- 
sentation on the scope, shielded cables must 
be used to reduce the amount of magnetic or 
electric coupling of the leads. These leads 
are normally made from flexible coaxial 
cable. 



12*20. The purpose of the attenuator probe Is 
to prevent the circuit under test from being 
loaded down, resulting in distortion of the 
aignaL The probe does divide the input alg* 
nal voltage by a 10:1 ratio. Therefore, 10 
volts input would be measured on the oscil- 
loscope as only 1 volt when the attenuator 
probe Is used* 

12-21. Measurement of Time. 

12'*22* The measurement of time Is accoro- 
pUshed using the horizontal cicale of the 
graticule. Figure 12-4 showa one cycle of an 
AC sine wave extending the full 10 centi- 
meters of the graticule. Uyouwishto measure 
the time of one alternation, count the number 
of centimeters for one-haU cycle, and here 
we find it to be 5^ By multiplying 5 centl* 
meters by the setting of the TI^4E/CM 
control. We can calculate the time for one 
alternation. Assume that the TIME/CM con- 
trol Is set to 20 microseconds. This would 
be 5 centimeters times 20 microseconds 
which equals 100 microseconds for one 
alternation. The time for one complete 
cycle would be 10 centimeters tiroes 20 
microseconds = 200 microseconds. Re- 
member, the time indicated by the setting 
of the time/cm control Is the time It takes 
the dot to travel one centimeter across the 
scale. 
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12-^23. CalcuUtlng Frequoncy. 

12'^24, Mow that you can measure flvweeptlme, 
it [B very ea^y to calculate Uio frequency of 
tho AC sietnaU The formula u^ed ii}; 



Frequency « 



12'^25. When determining fri^quency, you must 
alwaya determine the time for one cycle. 
In the preceding example, the time for one 
cycle is 200 microseconds. Inserting this 
into the formula, We find: 



f 



1 



200 X 10 



f = 5 kHz 

12*^ 26. When setting up the oscilloscope to 
measure an unknown frequency^ you should 
obtain 23 near one cycle across the scale 
a5 possible by using the TIME/cm control* 
You must also insure that the VARIABLE 
time/cm control is in the CAL position 
or your reading will not be accurate. Figure 
12-5 shows an AC Signal on the scope that 
Is 6.8 centimeters for one complete cycle* 
U the time/cm control is set to 5 micro- 
seconds^ the time for one cycle would be: 

6,8 centimeters x 5 microseconds - 34 
microseconds 
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Figure 12-6 

12*27* Applying the time for one cycle to 
the formula: 



1 



34 X 10 



29,411 Hz 



12-28* Measurement of Phase 

12-29, The dual^trace capaUUiy of the oscil- 
loscope ts very useful for measuring phase 
difference of two sine waves having the 
same frequency* Figure 12-6 shows th^ two 
sine waves being displayed on the oscil- 
loscope. One waveform is positioned directly 
over the other (superimposed) so the dif- 
ference in phase is easy :o see. This is 
shown as distance X and equals 3 centi-* 
meters* X also represents the unknown phase 
angle* One complete sine wave is distance 
Y and equals 8 centimeters. 
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Distance Y also represents 360 degrees 
(one complete sine wave)* 

Dividing 360 degrees by 8 centimeters 
results in each centimeter equalling 45 
degrees* 

360 degrees j= ^ ^ ' * * 

3 — = 45 degrees per centimeter 

o cm 

Multiplying the 3 centimeters difference in 
the waves by the 45 degrees per centimeter 
results in a phase difference of i35 degrees. 



Figure 1 2- 5 



3 cm X 45 degrees/cm = 135 degrees 
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Figure 12-7 

12-30. Lets try another example* See figure 
12-7. Here the phase Is different but, the 
procedure is the same. There are two 
centimeters difference between the two waves. 
Two centimeters x 45 degrees/cm = 90 
degrees. This gives the phase difference 
between the two signals. Notice the distances 
were all measured from like points on the 
sine waves* Y is measured between the 
points where sine wave A corsses the zero 
reference Une and starts positive. X is 
measured between the zero crossing of sine 
wave B and sine wave A, where they start 
going positive. Also notice that wave A 
Crosses zero after wave B has crossed zero. 
Sine wave A lags sine wave B by 90 degrees. 

12-31. Amplitude Measurement. 

12-32. In measuring voltages with the scope^ 
it must be kept in mind that it measures the 
PEAK-TO-PEAK value. If the signal is a 
sine wave» the peak-to-paek value may be 
converted to the RMS or EFFECTIVE value 
by multiplying the peak-to-peak value by 
.3535. 
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Figure 12-B 

Refer to figure 12-8. This ishows an AC 
signal 3.8 centimeters in amplitude peak- 
to-peak. When checking the VARIABLE 
VOLTS/CM control, we find it is in the 
CAL position and the VOLTS/CM control is 
set on 10. You can calculate 3*B centimeters 
X lO volts/cm = 38 volts peak-to*peak. When 
reading sinusoidal voltages, we normally use 
a meter which shows effective voltage. In 
order to convert from peak*to-peak to 
effective voltage, use the follosving formula. 

Peak-to-peak x .3535 s Effective 

12-34. Therefore, if you were reading 38 
volts peak-to-peak, insert it into the formula 
as follows: 

38 X *3535 = 13.433 Effective Volts 

12-35. You should keep in mind that the 
highest range of the VOLTS/CM control is 
20, and there are only six divisions ver- 
tically on the scale. Therefore, the peak- 
to-peak voltage that you can measure in the 
CAL position is 120 volts* 

12-36. Measurement of DC Voltage 



EXAMPLE; U the peak-to-peak value is 
200 voltSj the effective value is 20O x .3535 
or 70*7 volts. 

12-33. The graticule scale on the face of the 
CRT is used for measuring voltage ampli- 
tude* When an AC signal is observed on the 
scope, a quick calculation can be made to 
determine its peak-to-peak voltage amplitude* 



12-37. To measure a DC voltage ground 
the input probe to the oscilloscope and 
move the trace down to the bottom line of 
the scale by using the Vertical Positioning 
control. Figure 12-d shows the measurement 
of DC voltage. After establishing a ground 
reference, the probe is placed on the DC 
voltage to be measured. The trace moved 
up to point B or 4.4 centimeters. If the 
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Figure 12-9 



VOLTS/CM control was set to 10, the DC 
voltaKo shown on the scale would be 44 
volts. U the trace had moved down» it 
would indicate the presence of a negative 
DC voltage and the ground reference would 
have to be set at the top of the scale* 
Agatn^ the maximum voltage that can be 
measured directly is 20 volts per division, 
or 120 volts* Higher voltages canbe measured 
if an external attenuator ts used at the 
input jack. 
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OVERVIEW 

1, SCOPE: The oscilloscope is a test 
instrument that can be used to measure 
voltage or time and show waveforms. Oscil- 
loscopes vary from simple to complex- Some 
can display two or more waveforms at the 
same time* This module provides an intro- 
duction^ detailed operating procedures^ and 
practlc2d training for a dual-trace general- 
purpose oscilloscope, 

2* OBJECTIVES: Upon completion of this 
module, you should be able to satisfy the 
following objectives: 

a* Given an oscilloscope^ trainer, and 
formulas^ measure the time and C2dculate the 
frequency of an AC voltage within flO 
percent accuracy. 



b« Given a dual trace oscilloscope and 
trainer, determine within AO percent 
accuracy the phase relationship by comparing 
two signals of the same frequency. 

c. Given an oscilloscope and trainer^ 
measure the amplitude of DC and AC volt- 
ages flO percent accuracy. 

LIST OF RESOURCES 

To satisfy the objectives of this module^ 
you may choose, according to your training^ 
experiences and preferences^ any or all of 
the following: 

READING MATERIALS: 
Digest 

Adjunct Guide with Student Text 



Supersedes KEP-GP-20, 1 July 1974, 

i 
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AUDIO-VISUALS; 

Ttiltivifjlon Luaaoiif Uao of OaclUoacope^ 

TVK 30'212A 

Television L^aaoiif Frequency and Phase 

Mea5., TVK 30-212B 
(NOTE: Theae leaaona refer to a 
different osciUoacope, but the controls 
are basically the same aa on the acope 
you will useO 

LABORATORY EXERCISES; 

Introduction to the Oscilloscope 20-1 

Frequency Meaaurementa 20-2 

Phase Measurements 20'*3 

Voltage Measurements 20'4 

AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMIUAR WITH 
THIS SUBJECT, YOU MAY TAKE THE 
MODULE SELF-CHECK. IF NOT, SELECT 
ONE OF THE RESOURCES AND BEGIN 
STUDY. 

CONSULT YOUR INSTRUCTOR IF YOU 
NEED HELP. 

ADJUNCT GUIDE 

INSTRUCTIONS: 

Study the referenced materials as directed. 

Return to this guide and answer the 
questions. 

Confirm your answers in the back of ttiis 
gxiidance package. 

If you experience any difficulty, contact 
your. Instructor. 

Begin the program, 

A. Turn to Student Text, Volume UI, and 
read paragraphs 12-1 through 12-20. Return 
to this page and answer the following questions. 



I» Which ifl NOT a common uaeoftheacope? 
- a. Meaaure voltage. 

b. Meaaure current. 

i . c. Meaaure frequency. 

, d. Display waveforma. 

2. Intenalty of the trace should be: 



a. High at all times so that the 



waveahape can easily be seen. 



— b. No higher than la necessary 
to clearly see the waveshape. 

c. At whatever brightness th^ 



operator chooses. 



— d. Adjusted by centering the inten- 
sity Control at all times, regardless qI 
brightness. 



3. One element that all scopes have in 
Common is: 



a. The cathode ray tube. 

b. Electromagnetic deQection. 

c. An attenuator probe* 



, d. Capability ofdisplaying two wave- 

forms simultaneously. 

CONFIRM YOUR ANSWERS 

B- Turn to Laboratory Exercise 20-1- Ttiis 
exercise will familiarize you with the con- 
trols of the scope and provide you with 
practice in the use of these controls. Return 
and Continue with this program upon comple* 
tion of the exercise* 

C. Turn to Student Text* Volume HI, and read 
paragraphs 12-21 through 12-30. Return to 
this page and answer the following questions. 

1 - Find the frequency of ^ signal if one 
cycle is 2.5 cm long on the scope and the 
time/cm control is set on 2 mS 
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2* It a signal of 1000 Hz Is displayed on 
the acope and tIME/CM control Is got on: 



YOU MAY STUDY ANOTHER RESOURCE 
on TAKE THE MODULE SELF-CHECK* 



a. A mS 

b. ^2 mS 

c. *5 mS 

>Vhat will be the length of one cycle In cm? 
b. 



c. 



3. If the phasedifferencebetweentwosignaLs 
is 0.5 cm and the length of one cycle is 
8 cm, then the phase difference is: 

degrees . 

CONFIRM YOUR ANSWERS 

D* Turn to Laboratory Exercise 20-2 and 
20-3 in which you will actually use the scope 
to make frequency and phase measurements. 
Return and continue with this program upon 
completion of the exercise. 

E* Turn to Student Text, Volume IH^ and 
read paragraphs 12-31 through 12-37, Return 
to this page and answerthe following questions. 

1. What is the peak-to-peak amplitude of a 
signal that is 3*5 om in height on the scope 
with the VOLTS/CM control set on 2V? 



2. What is the effective voltage of a signal 
if it is 4cmhighonthe scope and the VOLTS/ 
CM control is set on 5V? 



3. How many cm In height will a 10 VAC 
signal be If the VOLTS/CM control is set 
on lOV? 



CONFIRM YOUR ANSWERS 



F, Turn to Laboratory Exercise 20-4, 
this exercise you will practice using the 
scope to measure voltage. 



LABORATORY EXERCISE 20-1 

Introduction to the Oscilloscope 

OBJECTIVES: 

1. Match each control with its function 
when gven a Ust of oscilloscope controls and 
a list of their functions* 

2* When given a diagram of the front 
panel of the oscilloscope, locate and label 
the controls while observing an actual scope 
and a Ust of its controls^ 

3. Locate and demonstrate the use of the 
oscilloscope controls needed to properly 
display one cycle of a sine wave, centered 
on the scope with a vertical size of 4 centi- 
meters and ahorlzontalslzeof lOcentlmeters. 

equipment; 

Oscilloscope, AN/USM-398 
Sine-Square Wave Generator 4864 

REFERENCES: 

Student Text Volumo m, paragraphs 12-1 
through 12-20. 

CAUTION: OBSERVE BOTH PER- 
SONNEL AND EQUIPMENT SAFETY 
RULES AT ALL TIMES. REMOVE 
WATCHES AND RINGS. 

PROCEDURES: 

A. Read the list of objectives given for 
this exercise* Keep in mind that the exer- 
cise Is designed to guide you through cer- 
tain steps so that you will be able to do 
each of the objectives. The objectives will 
be accomplished one at a time. 

1. Read table 1-1 and locate each control 
on the oscilloscope. 
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Table 1-1, AN/uSM-308 Front Panel Controls^ indicators and Connectors 



CALLOUT CONXnOL/lNDlCATOR/ 
NUMBEH CONNECTOn 



3 
4 
5 

6 



SCALE ILLUM 

CATHODE RAY TUBE 

FOCUS 
ASTIG 
INTENSITY 
UNCAL 

time/ cm (Outer knob) 



VAHIABLE (inner knob) 



(outer knob) 



(Inner knob) 



FULL XIO MAG (tnnerknob) 



FUNCTION 

Adjusts brightness of CRT graticule background 
i Hum 1 nation • Turns power off in POWER OFF 
detent. 

Visually displays signals applied to vertical 
and horizontal amplifiers. 

Adjusts sharpness of display. 

Adjusts roundness of trace spot. 

Controls brightness of display. 

Lights when TIME/cM VARIABLE control (7) 
is not in CAL position. 

Selects horizontal sweep speed. Determines time 
required to sweep horizontal one graticule 
division. By pulling FULL XlO MAG knob (8)^ 
display can be expanded by 18^ increasing 
fastest sweep to 50 ns/cm* 

When set to EXT X selects horizontal control 
by external signal applied to EXT X BNC input 
jack (II), 

When set to X-Y selects horizontal control by 
external signal applied to channel I BNC input 
jack (marked x) (22), 

Provides Continuous and overlapping adjustment 
of sweep speed between Calibrated positions of 
TIME/CM outer knob. Calibrated to TIME/cM 
position when set fully clockwise to CAL detent 
position. Turned counterclockwise^ sweep speed 
decreases; however^ TIME/cm readings are 
uncallbrated. 

Provides coarse adjustment of horizontal posi- 
tion of display. 

Provides fine adjustment of horizontal position 
of display. 

In pulled-out position^ causes magnification of 
horizontal sweep or EXT X signal by factor of 
10. 



Table 1-1. OaciUoscopo ComroU and Functions (Continued) 



CALL OUT control/indicator 
NUMBER CONNECTOR 



0 



CAL IV 



10 



BEAM FINDER 



11 
12 



EXT X 

TRIG SELECT (outer knob) 



FUNCTION 

Teat point provider I'^'kHz square wave at 1 
Volt p'p ' amplitude* May be used for vertical 
sensitivity calibration and divider probe 
Compenaation* 

Reduces gain of deflection amplifiers* thus 
limiting beam deflection to within the CRT 
graticule. Also operates on blanking amplifier 
to release sweep retrace blanking. 

NOTE 

Make sure INTENSITY control (5) is turned 
up high enough to make beam visible when 
using BEAM FINDER. 

Connector for an external horizontal input. 

Selects source of timebase trigger signal as 
follows: 



LINE 



CHI 



CHI & 2 



EXT 



FREE RUN 



Pickoff from AC line 
voltage, positive or 
negative slope, 

Pickoff from CHI verti- 
cal amplifier signal, 
positive or negative 
slope, 

Pickoff from the dis- 
played composite verti' 
cal deflection signal, 
positive or negative 
slope, (Not to be 
used in CHOP mode.) 
Use with ACF and 
DC trigger coupling, 

Pickoff from external 
trigger applied to EXT 
TRIG jack (13), posi- 
tive or negative slope. 

Sweep recurs at majcl" 
mum repetition rate 
and with speed set 
by the TIME/CMswitch, 
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Tabic l-l, AN/USM-308 Front Panel Controls* Indicators, and Connector^ (Contlnuea) 



CALL OUT control/indicator/ 
NUMBER CONNECTOR 



12 



LEVEL {Inner knob) 



13 
14 



EXT TRIG 
CHOP-ALT switch 



FUNCTION 

Selects point on amplitude of trigger signal 
that starts sweep. In AUTO position^ sweep 
synchronizing triggers are produced automatl-* 
cally when signal exceeds 40-Hz repetition 
rate and exceeds minimum level. In absence 
of trigger signals^ Sweep runs free to produce 
bright line. 

Connector for external trigger signal. 

Selects display switching mode for dual trace 
vertical dllectlon. 



15 



AC-ACF-DC {Trigger 
Coupling) 



16 



17 



PULL TO INVERT CH2 



SEPARATE - CHI & CH2 



ALT * CHI and CH2 alter- 

nate with each sweep* 
Used for normal dual 
trace displays. 

CHOP - CHI and CH2 alter^ 

nate at 400 kHz. 
Used only when com" 
paring signals on long 
time bases (slower 
than I ms/cm). Never 
used with CHI & 
2 trigger selection. 
Never used with time- 
base sweeps fa'Tter 
than I ms/cm. 

Selects capacitive or direct coupling of trigger 
signal. Direct coupling (DC) is normally used 
for slow or erratic sync signals. Capacitive 
coupling (AC) blocks DC component but atten- 
uates signals below 50 Hz. Fast capacitive 
coupling (ACF) attenuates signals below 50 
kHz and is used to block unwanted low fre- 
quency components of the trigger signals. 

Selects polarity for CH2 display. In pulled out 
position inverts CH2 polarity. 

Selects mode for display of vertical deflection 
channels* separate or added. 
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Y (CH2 input) 



Connector for CH2 vertical input signal. 
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Table 1-1^ AN/USM-3fle Front Panel Controls, Indicators, and Connectors (cont) 



CALL OUT CONTROL/INDICATOR/ 
NUMBER CONNECTOR 



19 



20 



20 



21 



22 



23 



24 



25 



26 



27 



UNCAL 



CHI VOLTS/CM 
(outer knob) 



CHI VARIABLE (Inner knob) 



CHI AC-GND-DC 
(Input Coupling) 



X (CHI input) 



CHI 



BAL 



CH2 OUT 



Y CAL 



Power 



Probe trimmer screw 
adjustment (not shown) 



FUNCTION 

Lights when either VOLTS/CM VARIABLE 
control (20) Is not in CAL position. 

Selects channel 1 vertical deflection factor for 
calibrated measurements. 

Provides continuous uncalibrated adjustments 
between calibrated positions of outer knob. 
Calibrated to VqLTS/CM positions when set 
fully clockwise to CAL detent position. 

Selects capacitive (AC) or direct (DC) coupling 
of input signal; or grounds (GND) the ampli- 
fier stages and disconnects the Input to estab- 
lish display reference of ground on the CRT 
graticule » 

Connector for CHI vertical input signal and 
for horizontal InputsignalwhenTIME/CM switch 
(7) Is set to X-Y position. 

Adjusts vertjtcal position of CHI dlsplay.Swltches 
CHI off when in OFF detent. 

Adjusts to minimize vertical position change 
wtien rotating volts/cm switch. 

Connector for output of CH2 vertical amplifier 
signal. 

Provides adjustment of vertical sensitivity for 
both channels. 

■ t- 

Lights when operating line power Is applied. 

Adjusts frequency compensation of attenuator 
probe. 
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2. Match each conhcol with is function by 
to tho letter of the control. 



a. FOCUS 

b. VAKIABLE time/cm (Red) 

c. time/cm 1 input aiffnal- 

d. ^ — ^ (outer knob) 

e. PULL TO INVERT CH2 

f . POWER AND SCALE ILLUM 
J CH 1 



g 



h, VOLTS/CM (Channel 1) 

1- VARIABLE VOLTS/CM (Red) 
(channel 1) ' 

U INTENSITY 



placing thd number reproflenting the function next 



1, Adjusts for the defiirred brightness of the 
CRT trace* 

2t Selects vertical deQection factor of Channel 



3t Applies power to the instrument and con- 
trols illumination of the graticule. 

4i Provides coarse adjustment of horizontal 
position of the display. 

5, Adjusts sharpness of display. 

6, Normally set to CAL| but provides inter- 
mediate adjustment between the settings of the 
CHI VOLTS/CM switch- 

7, Controls the location of the CRT trace 
(channel 1) with respect to the Y axis. Switches 
CHI OFF when in the OFF detent. 

8, Selects polarity for CH 2 display, 

9, Selects desired sweep speed* 

10. Normally set to CAU but provides inter- 
mediate adjustment of sweep rates between 
settings of the TIME/CM switch. 
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Figure l-l- AN/USM-398 Front Panel Controls^ Indicators, and Connectors 



3. Using table l-l and the actual oscil- 
loscope, locate each control and fill in the 
CALL OUT number on figure l-L 

CONFIRM YOUR ANS'.VERS 



B. Now you are going to operate the scope 
and display a waveform on the CRT. 

L Prepare the Oscilloscope by making these 
control settings. 



CONTROL 

CHI AC-GND-DC 

Scale 

ILLUM/ POWER 
INTENSITY 



SETTING 

AC 

ON 

midposition 



3, Adjust intensity to suit your individual 
eye comfort, but be careful not to "burn" 
the face of the CRT wi'-h too much intensity, 

4. Complete the oscilloscope preparation 
by setting the following controls; 

CONTROL SETTING 

CH2j OFF 

^ — Set this control so that 
the trace originates on 
the first vertical line on 
the left. 



2, Find the trace by pressing the BEAM 
FINDER and then tumiog the | CHI and ^ ■ ■ 
controls to bring the trace to the center of 
the CRT, 



TIME/CM 
LEVEL (red ) 
TRIG SELECT 
VOLTS/CM» CHI 
CHI J 



Set on 0,1 mS. 

Set for AUTO. 

Set for CH I k 

Set for lOV. 

Set this control so that 
the trace is located on the 
center horizontal line of 
the scale* 
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NOTE: At tliis tnsd thoro Should be a 
stable trace acroiifi the iicope^ extending 
from the left vertical line acrose the entire 
scale and lying on the center horizontal Hne; 
IF NOT, CALL YOU INSTRUCTOR 
FOK ASSISTANCE. 



CONTROL SETTING 

POWER Switch ON 

SINE WAVE MAX 
AMPLITUDE 

RANGE lOV 

FREQ, 10 
MULTIPUER 

FREQUENCY (CPS) 100 



6* Connect a lead between the ground post 
on the scope and the signal generator. 
Connect the oscilloscope CH 1 (X) input to 
the signal generator sine wave output Jack 
(red), 

NOTE: There should now be a sine wave 
displayed on the scope. It should be appro- 
ximately 10 cm in length and 3 cm in height, 

7, Adjust the VARIABLE VOLTS/CM con- 
trol. This control 

a. Changes vertical size. 

b. Changes horizontal size. 

8, Adjust the VARIABLE VOLTS/CM for a 
sine wave that is 3 cm in height. It may be 
necessary to change the VOLTS/CM switch 
to another setting. 

9, Adjust the VARIABLE TIME/CM con- 
trol fully CW and then fully CCW, This 
causes one cycle of the waveform to: 

. a. Increase and decrease in hori- 

zontal size* 

b. Increase and decreaseinvertical 

size* 



10, Adjust the VARIABLE TIME/cM con- 
trol until one sine wave Is 10 cm long* 
CONFIRM YOUR ANSWERS 



LABORATORY EXERCISE 20-2 

Frequency Measurements 

OBJECTIVE; 

Using the dual trace oscilloscope^ trainer^ 
and formulas^ determine within 10 percent 
accuracy the frequency and time of an AC 
signal. 

EQUIPMENT: 

Oscilloscope^ Ballantlne, AN/uSM-306 

Sine-Square wave Generator 4864 

AC Inductor and Capacitor Trainer 5067 

REFERENCE: 

Student Textp Volume 111^ paragraphs 12-2 
through 12-27 

CAUTION: OBSERVE BOTH PERSONNEL 
AND EQUIPMENT SAFETY RULES AT 
ALL TIMES. REMOVE WATCHES AND 
RINGS. 

PROCEDURES; 

L Prepare the scope to display a wave* 
form on CHI. 

2. Set up the generator for an output of 10 
V AC, at a frequency of 100 Hz. 

3. Connect the sine wave output from the 
generator to the oscilloscope CH 1 OC) 
input. 

4. Adjust the scope to display one cycle 
10 cm long and 4 cm in height (peak to 
peak). 

5. Have the instructor change the frequency 
of the generator to a value unknown to you* 

6* Observe the scope display. Has the fre- 
quency increased or decreased? 
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Set the VAIUWILE TIME/CM control to 
CALt 

8, with the TIMF/cm control, tnake on© 
cycU of the waveform ha clone to 10 cm aa 
possible, but not any more than 10 cm* 

9* How mcmy cm are there per cycle? 

10. Ualng the formula '*T1ME of Cycle *t 
Number of cm x TIME/cm setting,** solve 
for the time of one cycle« 



TIME =« 



dec. 



11* Using the time of one cycle and the 
formula f ^ l/u solve for frequency* 



f 



CONHRM YOUR ANSWERS 



LABORATORY EXERCISE 20*3 
Phase Measurements 

OBJECTIVE: 

Using the dual trace oscilloscope* trainer 
and formulas, determine within 10 percent 
accuracy the phase angle between two AC 
signals of the same frequency* 

EQUIPMENT: 
Oscilloscope* Ballantlne^ AN/USM-398 
Sine-Square Wave Generator 4864 
AC Inductor and Capacitor Trainer 5967 

REFERENCE: 

Student Text» Volume III» paragraphs 12-28 
through 12-^30, 

CAUTION: OBSERVE BOTH PERSONNEL 
AND EQUIPMENT SAFETY RULES AT 
ALL TIMES* REMOVE WATCHES AIJD 
RINGS* 



pnoCEOURIBS; 

It Ground the alne wave generator to the 
oscllloscopet Connect the ''cH V* probe to 
the output Jack ot the sine wave generator. 
Adjust the fllze of tho sine wave to 3 cm 
in height and position it in the top half of 
the graticule* 

2- Make the«e scope control settu,^s: 

CONTROL SETTING 

CH 2 AC-GND-DC AC 

CHOP- ALT ALT 

t (CH 2 Vertical) So that CH2 trace Is In 
lower half of the 
graticule* 

TRIG SELECT EXT f 

3* Make these settings on the generator: 

CONTROL SETTING 

FREQUENCY 30O Hz 

SINE-WAVE Fully CW 

AMPUTUDE 

RANGE lOV 

4* Connect a lead from the EXT TRIG 
jack on the scope to the CH2 (Y) Jack 
using a BNC connector. 

5* Connect a wire from the CH 2{Y) input 
to the output Jack of the sine wave gene-^ 
rator* There should now be a stable display, 

6, set the CH2 display to 3 cm In height. 
What controls are used to make this adjust- 
ment? 



7, Set the length of the sine wave CHI and 
CH2 to exactly 8 cm, what control makes 
this adjustment? 



8, Position the CHI signal over the CH2 
signal* Adjust the VARUBLE VOLTS/CM 
controls so that each signal is exactly 3 
cm high* 
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0. What ptiojc rolatlon«tilp ifl now indl* 
cfttcd by tl)B dlaolttv? 



scope 



cm 



7\i 



CHI CW2 



lOCT 
TUG 



Fig^lre i-l 

10* Using the trainer^ construct the circuit 
shown in Hg^ire l-l, 

IL The RC network will cause the CHI 
waveform to (lead)(lag) the CH2 waveform. 

12, Adjust the CHI and CH2 VOLTS/CM 
and VARIABLE controls until the two signals 
are 6 cm In amplitude and appear some- 
what like figure 1-2. 




Figure 1-2 

13. The distance between the like points 
on the CHI and CH2 waveform on the oscil- 
loscope is cm* 

14* The length of one cycle of the CH2 
waveform is cm* 

15, Determine the phase difference between 
the two waveforms using the equation: 



Phase 



Distance between waves 



Difference " Length of one cycle 



16* The phase difference is 
degrees. 



X360' 



CONFIRM YOUR ANSWERS 



CONSULT YOUR INSTRUCTOR FOR THE 
PROGRESS CHECK. 

RETURN TO THE RESOURCE FROM 
WHICH YOU CAME AND CONTINUE 
WITH THAT PROGRAM. 

YOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK. 

LABORATORY EXERCISE 20-4 
Oscilloscope Voltage Measurements 
OBJECTIVES: 

Using the oscilloscope^ measure the amp- 
iJltude of an AC voltage and the amplitude 
of a DC voltage, 

EQUIPMENT: 

oscilloscope^ Ballantlnej AN/USM-30e 

Sine-Square Wave Generator 4664 

DC Power Supply 4640 

Multimeter FSM*6 
REFERENCES; 

Student Text, Volume paragraphs 1 2-31 
through 12*37* 

CAUTION: OBSERVE BOTH PERSONNEL 
AND EQUIPMENT SAFETY RULES AT 
ALL TIMES, REMOVE WATCHES AND 
RINGS* 

PROCEDURES; 
A«MeaBurlng an AC voltage* 
I. Set up the scope* 
CONTROL SETTING 
POWER ON 
VOLTS/CM CHI (X) IV 
TRIG SELECT CH I f 

LEVEL (Red) AUTO 



II 
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CONTROL 3ETTIN0 

AC-OND-DC CHI AC 

TIME/CM .5 mS 

CH 2 (Y) OFF 
2, CaUbrate CH 1 

a. Connect a lead from the CAL 1 V 
output jacic to the CHI Input Jack. 

b. Adjust the VARIABLE VOLTS/CMuntil 
ttie square ^ve on the scope Is exactly 1 
cm In amplitude. 

c. How many volts per cm are now 
displayed on the scope? 

IMPORTANT: THK VARIABLE CONTROL 
MUST NOT BE MOVEC FROM THIS 
SETTING, 

d. Move the CHI VOLTS/CM control to 
.5V, 

(1) How many cm In height Is the 
square wave? 

(2) How many volts are there In each 
cm? 

(3) What Is the peak to peak ampli- 
tude of the square wave? 



e. Move the VOLTS/CM control to 2V, 

(1) How many cm in height is the 
square wave? ^^^^^^^^^^^ 



(2) How many volts are there in each 
cm? • 

(3) What is the peak amplitude of the 
square wave? 



(4) Remove the end of tbe lead from 
the CAL 1 V output jack. 

3* Set up the signal generator for a 1 kHz^ 
3V output sine wave* Use the PSM-^6 to 
measure tliis voltage. The PSM-6 should 



remain connected to the output of tlie gtn^- 
rator for BitCfpd 4 through 

4* Oround thd signal generator to the oscil- 
loscope « 

Connect thld signal into the CH 1 (X) 
input of the dC0p4}, 

6. Position the display for ease reading 
the peak to peak artiplitude. 



a. The signal is 
to peak* 



cm peak 



b. The peak tg peak voltage amplitude of 
the sine wave la 

c. Calculate the effective voltage value of 
this sine wave ■ 

d. The difference in the PSM'6 reading 
and the calculated effective voltage value 
above was ■ - . _ ■ - 

7. Increase the signal generator output to 
10 volts as measured by the PSM'6* 

8. Make the necessary position and VOLTS/ 
CM adjustments to display the sine wave 
within the graticule and yet be easy 
to measure* 

a. What iB the number of cms peak to 
peak? - . _ - 



b. Peak ^ voltage is. 

c. Effective voltage is _ 



9. Disconnect the signal generator- 

CONFIRM YOUR ANSWERS 

B* Measuring Dc Voltage, 

1- Set the DC Power Supply up for a 10- 
volt reading on its output meter. 

2, Set the CH 1 AC'GND-DC control to DC. 

3. Position the scope trace on the bottom 
horizontal line. 
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4. Oround the black Jack of the power 
Hupt>ly to the oricllloricop«< 

5. Set the VOLTS/CM to 2. 

6. Connect the power supply 4- post (r«d) 
to the CH 1 (X) input Jack on th^ scope. 
wing a BNC connector and & conductor* 

a. What happened to the trace? 



7. Have the instructor set up a diUer^nt 
value of DC voltge* 



8. Adjust the VOLTS/CMs^tch as required. 



9, What is the DC voltage value? 



b« How far did it tnove? 



CONFIRM VOOB ANSWERS 



c. What is the value of the DC voltage 
as indicated by the scope? 



CONSULT VOOR INSTRUCTOR FOR THE 
PROGRESS CHECK. 

VOO MAV STODV ANOTHER RESOURCE 
OR TAKE THE MODULE SELF^CHECK. 



MODULE SELF-CHECK 

QUESTIONS; 

1. Match each control with its function. 



a, VARIABLE VOLTS/CM (Red) 

time/cm 

c* CHOP'ALT 

d. CHl) 

f. VOLTS/CM 

g. VARIABLE TlME/CM (Red) 

h. CHI AC-GND'DC 

i. FOCUS 
i. CAL IV 



1. Selects desired attenuation of the input 
Signal* 

2* Provides intermediate adjustment of 
attenuation between settings of the VOLTS/CM 
SWITCH. 

3* Provides intermediate adjustment of sweep 
ratebetweensettingsof the TlMK/CM switch, 

4* Selects desired sweep speed* 

5. Controls the location of the trace with 
respect to the X axis* 

6* Selects the desired calibrated square wave* 

7* Adjusts vertical position of CHI display* 
Switches CHI off on OFF detent* 

8* Selects capacitive or direct coupling of 
the input signal or grounds out the input to 
establish a reference* 

9* Adjusts for a clear^ sharply defined trace* 

10* Selects CHOPPED, or ALTERNATE for 
dual trace vertical deflection. 
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2. VARIABLE TIME/CM (Red) Ifl sot to 
CAL and the TIME/CM control Is flot to 
5 mS. An AC filial tfl displayed on the 
scope and the length of one alternation Is 
2 cm, What 1^ the frequency? 



a. 50 Hz 
c. 150 Hz 



b. 10 Hz 
d. 200 Hz 



3. Which of the following scope presenta- 
tions display a 90* phase difference? 



V 



4, The VARIABLE VOLTS/CM (Red) is set 
to CAUBRATE and the VOLTS/CM control 
is set on 5. An AC signal is displayed 23 
indicated. What is the effective voltage? 



a, 7,07 volts 
c, 15*2 volts 



b, 10,6 volts 
d. 30 volts 




5, VARIABLE TIME/CM (Red) Is set to 
CALIBRATE and the TIME/CM control is 
set to 20 u£J« An AC signal Is displayed 
as indicated. What is the frequency? 



a. 8.03 kHz 
c, 25 kHz 



b. 12.5 kHz 
d. 50 kHz 



























































i 

















6, *,vhich of the following scope presen- 
tations display a 180*^ phase difference? 



A 





REP 4^1114 
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1. The VARIABLE VOLTS/DIV (notl) la Dot 
to CALIBnATE and the VOLTS/DIV control 
i(t ttet on 3. An AC signal la displayed aa 
indicated. What are the effective and peak 
voUoges? 

a. 1.4 volt effective, 2 volts peak 

b. 2.6 volts effective, 4 volts peak 



CONFIRM YOUR ANSWERS 



c. 4,2 volts effective, G volta poak 
(1. 8.4 volta effective, 12 volta peak 




IS 
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ANSWERS TO 


A - ADJUNCT GUIDE 


1, b 




2. b 




3* a 




If you misded 


ANY quodtionSf review 


the roforence 


material before you 


continue* 





ANSWERS TO C - ADJUNCT GUIDE 

1. 200 Hz 
2a* 10 cm 
2b* 5cm 
2c* 2cm 
3* 22*5 

If you missed ANY questions^ review the 
reference material before you continue* 



ANSWERS TO E - ADJUNCT GUIDE 

U 7V peak-to-peak 
2* 7*07 V 
3, 2*828 cm 

If you missed ANY questions^ reviewthe 
reference material before you continue. 



ANSWERS TO LAB EXERCISE 20-1 



5 


b. 10 


c. 9 


d. 4 


e. 8 


3 


g. 7 


h. 2 


i. 6 


i. 1 


A- 21 


8-22 


C-U 


D-20 


E-12 


F-19 


G-15 


H-16 


1-17 


J- 13 


K-18 


L-14 


M-1 


N-2 


0-4 


P-3 


Q-6 


B-5 


S-7 


T-8 


U-9 


V-10 









- If you missed any items» review the 
reference material before you contlaue* 

ANSWERS TO B (20-1) 

7* a 
9* a 

If you missed ANY questions, ask your 
instructor for assistance* 
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ANSWERS TO LAB EXERCISE 20-2 

Have your instructor check your answers 
for questions 6^ 0» 10, and 11, 

For more practice on this part of the 
exorcisef repeat steps 5 through 11. 

If you missed ANY questions, ask your 
Instructor for assistance* 



ANS'^BS TO LAB EXERCISE 20-3 

6* CH2 volts/ CM and VARIABLE 
7* TIME/CM and VARIABLE 
9. The two signals are in phase* 
11* Lead 

14* Have your instructor check your 
answer* 

16* Have your instructor check your 
answer* 

NOTE: For more practiceotimeasuring 
the phase angle betweentwo signals, have 
you instructor give you different capa- 
citor and/or resistor^ and/or applied 
frequency values* 

If you missed ANY questions^ ask your 
instructor for asststance. 



ANSWERS TO A - LAB EXERCISE 20-4 
2c* 1 volt/cm 

2d(l) 2 cm (2) *5 voits/cm (3) 1 volt 
2e(l) *5 cm (2) 2 volts/cm (3) 1 volt 
6* Have instructor verify* 
8. Have instructor verify* 

If you missed ANY questions, ask your 
instructor for assistance* 

ANSWERS TO B LAB EXERCISE 20-4 

6a. The trace is displaced upward* 

6b* 5 cm (approximately) 

6c* lOv (approximately) 

9* Have instructor verify* 

If you missed ANY questions, ask your 
instructor for assistance* 



ANSWEIW TO 


module; 


SELP-CHECK 


la, 2 




4 


c, 10 




7 


5 




1 


3 




8 


9 


1, 


6 


2. a 






3. c 






4. b 






5. b 






6. d 






7. c 







HAVE YOU ANSWERED ALL OP THE 
QUESTIONS CORRECTLY? IP NOT, 
REVIEW THE MATERIAL OR STUDY 
ANOTHER RESOURCE UNTIL YOU CAN 
ANSAfER ALL QUESTIONS CORRECTLY. 
IF YOU HAVE, CONSULT YOUR 
INSTRUCTOR FOR PURTHER GUIDANCE. 



if . 
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Radar Principles Branch ATC GP 3AQn3X020-X 

Keealer Air Force Base. Mississippi KEP-GP-21 

December 1975 

ELECTRONIC PRINCIPLES (MODULAR SELF. PACED) 

MODULE 21 

SERIES RCL CIRCUITS 

This Guidance Package Is designed to guide you through this mSdule Of the Electronic 
Principles Course. It contains specific Information, including references to other resources 
you may study, enabling you to satisfy the learning objectives. 



CONTENTS 



Title 
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1 
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i 
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1 
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8 


Module Seir-Check 


11 


Answers 
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OVERVIEW 

L SCOPE: This module expands on your 
knowledge of capacitorst coUst and resistors 
as they apply to RCL circuits. You wilt 
compute the voltage drop, current^ phase 
angle* Impedance* and power factor for RCL 
circuits. Practical training is provided for 
examining the relationships that exist 
between the circuit parameters. 



2, OBJECTIVES: Upon completion of this 
module* you should be able to satisfy the 
following objectives. 

a* Given a serlesRCLcircultwithapplied 
voltage* total current, resistance values* and 
formulas* solve for true power and apparent 
power* 

b. Given a series RCL circuit with com- 
ponent values, applied voltages, and 
frequency indicated* calculate the values of 
and plot the vectors for: 



(1) Total impedance. 

(2) Total current, 

(3) All voltages. 

(4) Approximate phase angle. 

c. Using an oscilloscoi^e and trainer* 
determine relative amplitude and phase re- 
lationship of Eq* Efi* EL,t and Eq in a series 
RCL circuit. 



LIST OF RESOURCES 

To satisfy the objectives of this module, 
you may choose^ according to your training* 
experience^ and preferences* any or all of 
the following; 

READING MATERIALS; 

Digest 

Adjunct Guide with Student Text III 



Supersedes KEP-&P-21* 1 July 1975. Existing stock may be used. 
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AUDIOVISUAL^: 

TVK30-257. Scrluit RC Circuits 
TVK30-258. Series RL Circuits 

LABORATORY EXERCISE: 

21-li Series RCL Circuits 

SELECT ONE OK THE RESOURCES 
AND BEGIN yOUR STUDY OR TAKE 
THE MODULE SELF-CHECK. 

CONSULT YOUR INSTRUCTOR IK YOU 
REQUIRE ASSISTANCE, 



7F7 



2, What iB the phase relationship between 
current and applied voltage In; 

a, A purely resistive circuit, 



b, A purely capacltlve circuit, 



ADJUNCT GUIDE 

INSTHUCTIONS; 
Study the referenced materials as directed. 

Return to this guide and answer the 
questions, 

Confirm your answers in the back of this 
Guidance Package, 

U you experience any difficulty* contact 
your instructor. 

Begin the program. 



A, Turn to Student Text, Volume ni, and 
read paragraphs 1-1 through 1-6, Return 
to this page and answer the following 
questions, 

1. Define impedance, 



c. An RC circuit. 



CONFIRM YOUR ANSWERS, 



B, Turn to Student Text* Volum'3 HI, and 
read paragraphs 1-7 through i-lK Return 
to this page and answer the following 
questions. 



I, Define vector. 



2, What Is the difference between a positive 
and a negative angle? 



1 
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L^bcl \ho voctotd In this diagram for nn 2* Solvo for c In thia trlanglo. 
RC circuit. 




CONFIRM YOUR ANSWERS- 




\2 



C ' 



3* Solve for a In this triangle* 




b 63 cm 



C. Turn to Student Text, Volume HI, and 
read paragraphs 1*12 through 1-18. Ret* rn 
to this page and answer the following 
questions. 



L Write the Pythagorean Theorem 
formulas for finding each side of the right 
triangle shown. 



a - 




REP4'10$2 



CONFIRM YOUR ANS\VERS. 



D. Turn to Student Text, Volume Uh and 
read paragraphs 1-19 through 1-27. Return 
to this page and answer the following 
questions. 



U Using the table in KEP-UO. find: 
a. The sine of: 

(1) 30'. 

(2) 45\ . 

(3) CO'- . 



b. The cosine of: 

(1) 75*. 

(2) 45\ 

(3) e<f. 
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r. Till! taii^cjnt of: 
{!) z<y, 

(2) 40*, 

(3) 9(r. 



b 



CONnHM YOUH ANSWEHS, 

E* Turn to Student Text, Volume Ul, and 
read paragraphs 1^28 through K3U Return 
to this page and answer the following 
questions. 

1. Solve for side c and angle 0 for this 
right triangle. 




10 

PEP4'I0J$ 



0^ 



2. Solve for side a for this right triangle. 




REP4-1026 



a = 



3. Solve for side b for this right triangle. 




CONKIKM YOUK ANdiVEHa. 



Turn to Student Text. Volume lU. and 
rend paragraphs 1-32 through U4l. Return 
to this page and answer the following 
questions. 



1. Solve for Impedance In this RC circuit. 

ROOD 





do 



2 ^ 



2. Solve for Impedance In this circuit. 




lOko 



3. Solve for Z in this circuit. 

R = IZkO 
W\ 




16k (3 
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CONFIRM YOUR ANSWERS, 
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G. Turn to ^Jtutlciit Toxt» Voiumd III, antl 
read paragraphs n42 through 1-52. Return 
to this pag<? aud answer tlte (oUowlitg 
quostlond. 

1, Using tho values given in the circuit 
diagram* solve (or the listed valucSi Plot 
tUu impedance and voltage vectors* 

Z ^ 



IL Turn to Student Text, Volumu III, and 
read paragraphs 2*1 through 2'^6, Return tn 
this pago and answer the following questions. 

1. In a purely inductive circuit, what Is the 
phase relationship between the circuit 

current and applied voltage? 



Ea- 



Ec = 
0 = 




=:30kCJ 



-3 mA- 



2. In a resistance inductance circuit, what 
is the phase relationship between current 
and the: 

a. Applied voltage? 



b* Inductor voltage? 



Resistor voltage? 



2, Solve for the indicated values. Draw the 
voltage and impedance vectors. 

\AA 



Z = 

Er = 
Ec = 




tOQV 
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CONr:RM YOUR ANSWERS, 



3, Choose the vector diagram which repre- 
sents the phase relationships in an RL 
circuit. 
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4. Plot tH« Imptdancd vector diagram for on 



CONFIRM YOUR ANSWERS. 



CONFIRM YOUR ANSWERS. 



!• Turn to Student Text, Volume 111, and 
read paragraphs 2-7 through Return to 
thiA page and answer the following queationa. 

1* Use the values given to splve for the 
listed items. Draw the Impedance and voltage 
vector diagrams. 

Z ^ 

R = 30kfi 
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J* Turn to Student Text, Volume UI, and 
read paragraphs 2-^11 through 2-16. Return to 
ihis page and answer the following questions. 

1* ^hat is the phase relationship between 
Xl and Xc? 



2* Draw the Impedance vector diagram for 
this circuit. 




8 k ohms 

ohms 



2. Solv^ for indicatedvalues.Drawimpedance 
and voltage vectors 




9 = 



Replaces pages 5 and 6^ KEP-GP 21 



CONFIKM YOUR ANSWERS, 



K. Turn to Student Text, Volume m, and 
read paragraphs 2-17 through 2*28* Return to 
this page and answer the following questions* 



1* Solve for each of the listed items. Draw 
the voltage vector diagram, 




RCP4*1049 
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3. What in the average power in a purely 
capacitive circuit? — 



2. Solve for the unknown values^ Draw the 4^ What U the avera^^e power of a purely 
impedance and voltage vector diagrams^ 

Inductive circuit? ^ ^ ^ 




5* What is the term used to describe power 
in a purely capaCitlve or a purely Inductive 



circuit? 



CONFIRM YOUR ANSWERS* 



L« Turn to Student Text, Volume in, and 
read paragra[^ 3-1 through 3-16. Return to 
this page and answer the following questions* 

1- Define power* 



CONFIRM YOUR ANSWERS. 



M- Turn to Student Text, Volume l\h and 
read paragraphs 3*17 through 3*23. return to 
this page and answer the following questions. 

1* Define true power 



2» What is power in terms of current and 
voltage ? 



ERIC 



6 

130 



4. Plot thr inijjuiJnnct? vi*otor tliiiKnuu tov 
M\ ItL rirdutt U\ which Xl ' R. 



2i Draw tlLd impiHlunco V(}(!t&r diagram for 
this cLrcuU, 




ohms 
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CONFIRM YOUR ANSWERS, 



I, Turn to Student Text, Volume IIL and 
read paragraphs 2-7 through 2-10, Returnto 
this page and answer the following questions, 

L Use the values given to solve for the 
listed items. Draw the impedanc«? and voltage 
vector diagrams, 

Z = 

I = 

Er= 

EL = 

Q ^ 

contirm your answers. 



J, Turn to Student Text. Volume HI, and 
read paragraphs 2-IL through 2- 16, Returnto 
this page and answer the following questions. 

U What is the phase relationship between 
Xl and Xc? 



CONFIRM YOUR ANSWERS, 



K. Turn to Student Text* Volume III, and 
read paragraphs 2-L7through2-28, Returnto 
this page and answer the following questions. 

I^ Solve for each of the listed items. Draw 
the voltage vector diagram. 

I = 



Er = 
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2< Solve tor the unknown valued. Draw the 
impedance and voltage vector dlafframii. 



2 
I 

Ec 
El 
Er 



2ika 



-JTITL 



CONFIRM YOUR ANSWERS. 



L, Turn to Student Text, Volume III. and 
read paragraphs 3-1 through 3*16. Returnto 
this page and answer the following questions. 

1p Define pOwer. . 



3. What l3 the average power In a purely 
capacitive circuit? 



4, What is the average pOwer of a purely 
inductive circuit? 



5, What is the term used to describe power 
In a purely capacitive or a purely inductive 

circuit? 



2. What is power in terms of current and 
voltage? 



CONFIRM YOUR ANSWERS. 



M. Turn to Student Text, Volume HU and 
read paragraphs 3-l7through3-23, Returnto 
this page and answer the following questions. 

1, Define true power, 
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Uuflno upt^iirunt powdif nnct give tUu unit 
ill which U, \B vxpressiiiii. 



3* Determine Pt and for these circuits- 



a- Pt 



Pa- 



R ^ 4kQ 




b- Pt 



Pa = 




C, Pt - 
P. = 




CONFIRM YOUR ANSWERS, 
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N- Turn to Student Text* Volume Illt and 
read paragraphs 3-^24 through 3-32, Return to 
this p^e and answer the following questions, 

I- Label the PUEACTIVE' ^t* and P^ vec- 
tors in the power vector diagram. The 
impedance vectors are given as a reference. 





2. Solve for the Indicated vsUuGa In thia 
problem. 



I » 

Ec = 
0 ^ 
Pt- 




REP4-10S6 

3. Solve for the indicated values. 
Z = : 



I = 
Q = 



Pt = 
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4. Solve foi tho mdlcuttid valuer. 
Z * 

^-R - 

El - 



isolation Traniafofmtirp 6124 
Sine S<iuar49 Wavo Gcn^ratOrp 4804 

REFERENCE: 

Student Text* Volume IlL paragraphs 3->l 
through 3->32 



CAUTION; OBSERVE BOTH PERSONNEL 
AND EQUIPMENT SAFETY RULES AT 
ALL TIMES. REMOVE WATCHES AND 
RINGS. 




^ 3 mA'^^ 
CONFIRM YOUR ANS^^'ERS. 



O. Turn to Laboratory Exercise 21- L In 
this exercise you will be working with a 
series RCL circuit, measuring component 
voltages and determining phase relationships. 



VOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK. 



LABORATORY EXERCISE 21-1 

OBJECTIVE; Using an Oscilloscope and 
trainefp determine the amplitude of E^^ E^, 
EL' and E^, and determine the phase rela- 
tionship of each of the voltages in a series 
RCL circuit. 

EQUIPMENT: 

Oscilloscope, Ballantine. AN/USM-398 
AC Inductor and Capacitor Trainer. 3967 



PROCEDURES; 

A, Measure circuit voltages, 

i* Set the following scOpe controls: 



CONTROL 


SETTING 


POWER 


ON 


VOLTS/ CM 


0.5, CAL 


CHI AC-GND-DC 


AC 


CHI Vert. Po3. 


MldpOsition 


CHOP-ALT 


ALT 


AC ACF-DC 


AC 


LEVEL 


AUTO 


TRIG SELECT 


CHI + 


TIME/ CM 


0.2 mSt CAL 



2. Connect the CHI input to the output of 
the isolation transformer and the scope 
ground to the other output terminal of the 
isolation transformer. 

3. Connect the input of the isolation trans- 
former to the sine wave output of the 
generator. 

4. Set the gener ^for for a 3 kHz output that 
is 4 cm high on the scope. 



ERLC 
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ISOLATION 
TRANSFORMER 



5. What l3 the peak to pe^ amplitude of 

the signal? volts. 

NOTE: This will be theE^^totheRCL circuit* 

6» Connect the circuit as shown in the 
diagram at the top of this p^^ge* 

7. Which component voltage is beingvlewed 
on the scope? 

8. What is the peak to pealt value? , 



9. Move the scope ground lead to point D 
and the CHI input to point C. 

10. What Is the peak to peak value of E^? 
volts* 

11. Move the scope ground lead to point C 
and the CHI input to point B. 

12. What is the peak to peak value of Ep? tt 
may be necessary to change the VOLT§/CM 

setting to get a clear reading voltJ** 

CONFIRM YOUR ANSWERS. 



H£P4*1060 

B. Phase rol&tionships* 

1. Connect the scope as shown in the figure 
at the bottom of this P^^* 

2» Make these scope adjustments: 
CONT ROL SETTmG 
EXT + 
AC 

Midposition 



TRIG SELECT 
CH2 AC-OND-DC 
CH2 Vert. Pos. 



3. Connect EXT TRIG to point A In the 
circuit. 

4. Connect CHI Input to point A in the 
circuit 

5. Connect scope ground to point D in the 
circuit. 

6. Connect Uie CH2 Input to poin^ C. 

7. Turn CH2 until a second signal isviewed 
on the screen* 



3 kHi 
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8. Adjust the TIME/CM switch and the 
VARIABLE control so one sine wave is 
exactly 8 cm long. 

9. Adjust the scope controls so that the two 
signals are equal in amplitude. 

10. What voltage is displayed on CH17 



IK Whzt voltage Is displayed on CH2? 

12. Is Eq in phase with E^7 Channel 1 is 
displaying E^. 

13. How many centimeters separate the two 
signals? 

14. What Is the phase difference between 
the two signals? degrees. 
CONFIRM YOUR ANSWERS. 



15, To compare E^ and E^, reconnect the 
circuit as shown in the above illustration. 



16. Adjust the scope so Ex^ and E^ have the 
same amplitude and one sine wave Is 8 cm 
long. 

17. The phase difference between the two 

signals is cm or 

degrees. 



CONFIRM YOUR ANSWERS. 

18. Set up the circuit shown at the bottom of 
this page to compare Ep with E^. 

19. Adjust the scope so Ep and E^ have the 
same amplitude and one cycle is 8 cm long. 

20. The phase difference between the two 
signals Is cm or 



degrees. 



21. Disconnect the equipment, 
CONFIRM YOUR ANSWERS. 
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CONSULT YOUR INSTRUCTOR FOR THE 
PROGRESS CHECK. 

YOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK. 



MODULE SELF-CHECK 
I. Solve lor; 

Z = 

I = 

Er = 

Ec = 



0 = 



0 




REP4-1064 



Draw the impedance vectors. 



2. Solve for: 
Z = 

I = 



Er " 
El " 
Pt- 

0 » 




Draw the voltage vectors using E^ as the 
reference. 



3. Solve for: 

Xc- 

z = 

r = 

Er = 

Ec = 

Pt = 



Pa = 



0 = 




2uF 
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Draw tho voltag« vectors usinn as the 
reference • 



4. Solve for; 

Z « 

I = 

Er 

El = 

0 = 

Pt = — 




5. Solve for; 
Xl» 

Xc- 

z »< 

I s 



El = 



Ec =■ 

Er-. 




R 

AVSr- 
3k Q 



20V 
159 Hi 



L 

IS H 



.0909 ^lF 



Draw the impedance Vectors. 



KEF4-2067 



Draw the impedance vectors. 



188 

12 



6. Solvo (or: 

Ec * 

El =• 

Er « 

Pt » 

Pa - 




tSkQ 
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Draw the voltage vectors using Eg as the 
reference. 



Draw tho Impedancd vectors. 



6. Solve for: 

Pt= 

P. = 



72k Q 
JTITL 



—i{ — 

U4V 

Draw the impedance veCtors> 



7, Solve for: 




26 kQ 
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CONFIRM YOUR ANSWERS. 
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ANSWERS TO A - ADJUNCT GUIDE; 

L Impedance Is tUe total opposition oUerod 
to ttio now of alternating current. 

2. a* Current and voltage are In ptiase* 

b. Current leads the voltage by 00*. 

c* Current leads the voltage by less 
than 90*. 

It you missed ANY questions^ review the 
material before you continue. 

ANSWERS TO B - ADJUNCT GUIDE: 

U A vector Is a line used to represent 
magnitude and direction. 

2. A positive angle is generated when a 
vector is rotated CCW. 

A negative angle Is generated when a 
vector Is rotated CW. 




REP4'10n 



U you missed ANY questions, review the 
material before you continue. 

ANSWERS TO C - ADJUNCT GUIDE; 
U 

a= 

b= 



2. 20 

3. 29 cm 

If you missed ANY questions* review the 
material before you continue* 

ANSWERS TO D - ADJUNCT GUIDE; 

U a. (1) .5000 (2) .7071 (3) .8660 

b. (1) .2588 ( 2) .7071 (3) .5000 

c. (1) .3640 (2) .8391 (3) 1.7321 

U you missed ANY questions* review the 
material before you continue. 

ANSWERS TO E - ADJUNCT GUIDE; 

1. c = 12.8 0 = 38.7' 

2. a = 1.7321 

3. b = 1.5 

U you missed ANY questions^ review the 
material before you continue. 

ANSWERS TO F - ADJUNCT GUIDE; 

1. Z = 12.81 ohms 

2. Z " 22.4 k ohms 

3. Z ° 20 k ohms 

If yc^ missed ANY questions, review the 
material before you continue. 

ANSWERS TO G - ADJUNCT GUIDE: 
1. Z = 50 k ohms 

E^ = 150V 

Er = 120V 

190 



0 ^ ^(1*0** 




2* Z t£ 10 k ohms 
Xc = 6 k ohms 

I = 10 mA 
Er = 80V 
Ec = 60V 
0 = 36,9" 




1 > lOko 




U you mlflfl^d ANY quofltlona, review the 
material before you continue. 



ANSWERS TO H - ADJUNCT GUIDE: 

I. Current lagd the applied voltage by 00^. 

Z. Current logs the applied voltage by \bbs 
than 80*. 

Current lags E^ by 90*. 

Current and Er are In phase. 
3. d 
4. 




!iEP4~1045 



If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO I - ADJUNCT GUIDE; 
1, Z = 58 k otims 
I - 2 mA 
Er = 60V 
El = lOOV 
0 - 58,0* 



\ = 100 V 



Ec = 60V 



REP4-1043 




R =30'- 




E„ =U6V 
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2, •* 120 ohms 
Z • 130 ohms 
1 « 2 A 
Er • lOOV 



» 240V 



0 = 67.4' 



El = 240V 



X, '- )20c} 




Z = I30a 



R =SOfi 




Eg = 260V 



If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO J - ADJUNCT GUIDE: 
1. Xl and Xc are 180* out of phase. 
2. 



X. = 8k 0 



W R = 4ScO 




36.9' 



X(. = S*kO 
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If you misied ANY questions, review the 
material before you continue. 



ANSWERS TO K - ADJUNCT GUIDE: 
1. I = 20 ma /36.y 

Er s 80V /-36.9' 

El = 160V /•53.1' 

EC = lOOV /-126.a' 




6^ « UOV /Sl.l° 



. lOOV ^ 



Er ^aov^jii! 



2. Z 11 40 k ohms 
1 = 3 mA 
Ec = 126V 
El = 30V 
Er = 12 V 









R 24k Q 


w 


Z - 40kfi 







- 42kn 



En = 72V 




/ 120V 



126V 



REP4-10S3 

If you missed ANY questions, review the 
material before you continue. 



ERIC 
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ANSWERS TO L * ADJUNCT GUIDE; 

1. power is rate of doing work, 

2. P ^ 1 X E 

3> T^e average power In apurelycapacltlve 
circuit Is ^ero. 

4. Zero 

5» Apparent power 



If you missed ANY questionst review the 
material before you continue, 



ANSWEFS TO M * ADJUNCT GUIDE: 

1. True power is the actual power dissi- 
pated by the circuit resistance. 



2. Apparent power is the product of current 
times voltage, and is expressed in volt- 
amperes. 

3. a. Pt - L6W 

Pa ^ 2 VA 
b. Pt = 675 mW 

Pa = M25 mVA 
c- Pt = 500 mW 

Pa = 500 mVA 



If you missed ANY questions, review the 
material before you continue. 



ANSWcIRS TO N " ADJUNCT .iUIDE; 
"^REACTIVE 




2, Z « 20 k ohms 
1 » 4 mA 
Er « 64V 
Ec - 48V 
0 ^ 36,9^ 
Pt * 256 mW 



Pg * 320 mVA 



3, Z A 2*6 ^ ohms 
1 ' 20 mA 

Ep = 48V 
El * 20V 

Q = 22,6' 
Pt = 960 mW 
Pa " 1040 mVA 

4. Z = 28>28 k ohms 



Ep = 60V 



El, = 120V 
E(; = 60V 
0 = 45' 

Pt = 180 mW 

Pg = 254,52 mVA 

If you missed ANY questions, review the 
material before you continue* 

ANSWERS TO A - LAB EXERCISE: 
5, 20V peak to peak 

7, El 

8. Have instructor verify. 
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10. Hav<? Instructor verify. 
11* Have Instructor verify* 

If you missed ANY questlonSi ask your 
Instructor for assistance* 

ANSWERS TO B - LAB EXERCISE; 

11* Zq 

12* No 

13. Have your Instructor verifyyouranswer* 

14. Have your instructor verifyyouranswer* 

If you missed ANY questions, ask your 
instructor for assistance. 

17. Have your instructorverifyyour answers* 

If you missed any questions, ask your 
instructor for assistance* 

20. Have your instructor verify your answers. 

If you missed ANY questions* ask your 
instructor for assistance. 

ANSWERS TO MODULE SELF-CHECK: 
I, Z ^ 25 kohms 
E^ = 24V 

t ^ K2 mA 
Pi =21.6 mW 
0 = 53.1* 
Er = 18V 
Pa = 36 mVA 




liEP4'i072 

2. Z « 38 k ohms 
El « 72V 

I = 2 mA 
Pt = 60 mW 
0 = 67.4' 
Er - 30V 
Pa = 156 mVA 

El 




3. = 5 k ohms 
Er = 60V 
Pa * 325 mVA 
Z - 13 k ohms 
Eq = 25V 

I = 5 mA 
Pj = 300 mW 
0 = 22.6' 
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4. Z 3 SO k ohms 
El = 120V 
Pt = 640 mW 
I = 4 mA 
0 = 36.0' 
Pa = 800 mVA 
Er = 160V 



5. Xl = 15 k ohms 
I = 4 mA 
Er = 12V 
Pa = 80 mVA 
Xc - 1 1 k ohms 
El = 60V 
0 = 53.1' 
Z = 5 k ohms 
Ec = 44V 
Pt = 48 mW 



REP4'107') 




REP4-7le 



1^7 



\ ISkQ 

i 



4hQ 



R 3hQ 



'(C Ilka 



6. Ec = 50V 

Pt s 375 mW 
El = lOOV 
Pa = 450 mVA 
Er = 75V 




7. Pj = 90 mW 
Pa = 234 mVA 




••R 10k a 



-'^Z 26k a 



REP4-1076 
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8. Pt » 432 mW 
Pa " 720 mVA 



\ ~ ,k yZ iSko 




♦ 

'^C 36k n 



HAVE YOU ANSWERED ALL OF THE 
QUESTIONS COnHECTLY? IF NOT, 
REVIEW THE MATERIAL OR STUDY 
ANOTHER RESOURCE UNTIL YOU CAN 
ANSWER ALL QUESTIONS CORRECTLY. 
IF YOU HAVE, CONSULT YOUR IN. 
STRUCTOR FOR FURTHER GUIDANCE. 



ttEr4-1077 
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Kfl0fll«r Air Force Base, Hleslealppl 



Ftognmned Text MQIUXOSOUX 
KEF-PT-21 



Thle Ulufltrtted Frogrunad T«xt ie deelgnod to eld in the etudy 
of Serlflfl Reactive Clroulta* Bach page contains an l^rtant idea or 
concept to be understood before proceeding to the next* An lUustra* 
tion for sach objsctive Is presented to clarify what is to be learned* 

At the bott<m of each page^ thsre are a few questlone to bring ou 
the main points* Thsss ars indicated by**** i . 
Xt is hoped that these qusstions also aid Q«1 cr Q-2 stc** 

underetandlng the subjsct a little better* " 

The anewere to these questions will be found cn the tog of a 

following page, indicated a i 

Short comments my follow the I M or A-2 etc** 
answers to help understand why I 
a question jnay have been missed* 



OBJECTIVES 



Introduction & Liq>edance* 
Calculating Iit^Dedance**** 
Calculating Total Current 

Voltage Drops 

Reactive Circuit Power*** 

Apparent Power 

True Power 

Operating Characteristic* 

Phase Angle 

Equation Sumnary 

Circuit Problems 



*3 
*6 
*7 
10 

11 

12 

15 
20 
21 



Upon coD^letion of this ctodtilef 
you should be able to satisfy the 
following objectives: 



a* Given an AC series RCL circuit 
with applied voltage « total 
current^ resistance values^ 
and formulas f solve for true 
power and apparent power* 



Vector Dlagraiag 

Ixopedance Vectors 

Using Ixopedance Vectcrs, 
Voltage-Current Vectors 
Using Voltage Vectors** 
Vector Sutanary 



22 
26 
32 
36 
MS 
U9 



b* Given a series RCL circuit 
with conqionent values^ appli- 
ed voltage f and frequency 
Indicatedf calculate the 
values of and plot the vectors 
for 




Summary, 



50 



(3) all voltages* 



(4) approxljnate phase angle* 



c* Using an oscilloscope and 
trainerf determine relative 
ajiiplitude and phase relation- 
ship of Eat ERf SLf ^ ^Cf ^ 
a series KCL circuit* 



1 
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1^1 

IMTRODUCTIOH 

KoiC •liccronlc AqulprnMC li cooicrucctd of ifttltti tnd ptrallttl con- 
nscCttd **r«tcclv«'* componAnCi, All audio and vldso clrculCi, op«raCtt «a 
f»qu«ncy Mnslclvi "r«acclvtt'* clrculcs* Rtilscora, capaclcoti, and Ind-^ 
uccora, oparaclng cogachati form cha *'haarc'* of complax racalvara, crana-^ 
nlccars, control and Indlcaclnff aiaembllaa. 

Traoalacora and Cubaa dapend upon propar "cooparaclon** bacwaan raala- 
cora, capaclcora, and Induccora, connaccad co chair carmlnala* Fallura of 
such cottponaoca to *'raacc** proparly cogachar, will dlaabla tha anclra clr*- 
culc, and raaulc In "aysCam** croublaa ofcan difficult co locaca* Tha aar- 
vica tachnician tnusc charafora hava a '*vorking knovladg«** of how theaa 
chraa componanca control cha performanca of moac Eleccronic circuica. 

Tha aCudy of how chaaa componanca "work cogachar*' is called Sariaa 
Raaccivfi Circuica. IC is a complax and difficult aubjecc. requiring 
savaral diffareoc approachaa co undaracand how cha chrea eleccronic pares 
Join cheir oparacing characCeriacics inco "one** rasulc* 

This Cexc ia divided inCo tm such ^^approachaa*** 1. Tha circuita* 
their theory of operation, and calculationa* 2* Vector diagrams* and how 
to uae them* * 

Tha study begins with "Impedance", and what it consists of* 



IMPEDANCE 



The total Opposition^ in any alternating current circuity is called 
IMPEDANCE * (Symbol Z) 

Most AC circuits are made up of 
combinations of Resistance (R) , Capacltlvs 
Reactance (Xp) t and Inductive 



Reactance (X^)* Lumped together, 
these differing Oppositions form a total called IMPEDANCE (Z) * 

As with all oppositions, IMPEDANCE is measured in OHMS -TL , k -Ou > 
or H-fl-* EXAMPLE ; "The Impedance of this circuit - 2kJl*"* 



Q'l a* The total opposition in any alternating current circuit* is 
called * 

b* The combination of Resistance and Reactance is called * 

c* Impedaoce (Z) is the opposition of AC circuits* 

d* T-^F* Impedance (Z) is measured in amperes* 

e* T-*F. Impedance (Z) is measured in volts* 

f* Impedance is measured in < just like Other Oppositions* 

g* The symbol used for Impedance is * 

h* T->F* Impedance (Z) in alternating current circuits* is siniliar 
to Total Resistance (Rt) in Direct Current circuits* 
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SP.BIT.S REACTIVE CmClllTS 



Thru eyp» of ■leirnatlng currme ■■rlii clrculei vlll bm 



discussed t 



SERISS RC 




SERIES RL 



SERIES Ra 



In th«ie "reactive circuits'^ the totJl oppoiltlon or IMPEDANCE (Z) 
playo an important partt The total oppoeltlon ^m^^ the amount of cur- 
rent vhlch Is allowed to flow^ and detetmlnea the rest of the circuit 
operating characteristics vhlch will be discussed later* 
CALOnATTHC TOTAL OPPOSITIONS 

When the Individual oppositions In a series circuit are all the 
same type» the total opposition is obtainexl thru simple addition* 

Rl R2 R3 

15 -n- 




a. The total opposition in an alternating current circuit, is 
called t 

b. Impedance (2) will limit or control * 

c. Impedance (Z) is measured in 



d. If the total opposition (impedance) increases^ the ai&ount of 
current allowed to flow will (inc or dec) 

e, T-F When oppositions are the Same type^ they are added together. 



ERLC 
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A-t a« Inptdanctt ( tttymbol (2) Ftltt ohmt 

bt InptdanctttiiRtACtanct ntanlng •* Falta* * * * * tohmt 

tlthtr Inductive Rttctanct (X^)* ohmt 
or CapACltlvt Reactanct (X^;)* g* (Z) ^ 

Ci totali ovarallf or complttt Trut, Imptdanet Ylll 

llalt currant* * 

CALCULATIMC IMPEDAtlCE y 
tha total oppoaltlon of a **raactlve circuit** ia alao obtained u 
thru addition . Hovavar, bacauaa tha typaa of opposition ara different! 
tha total opposition <Z) muat be calculated in special ways* \ 
CIRCUITS IMPEDAHCE EQCATIOHS 



SERIES RC ^ 



R Xc 




Z = V + Xl* 
rrru> Z - V R^^(Xc-Xu£. 

Z = VR* + (Xu-Xe)* 



These equations may appear difficult* however they are actually 
quite simple when it gets down to using then. £x^£l^^roblems will 
follow, but practice using the **square root table*' comes first* 



Q-3 Using the Square Root Tables in K£P*ttO Electronics Handbook, look 
up the **squares^ of the following numbers: 

a* 26^ " b, 85^ « c. I2A^ - d, A58^ - 



Using the same tables* look up the "square root** of the following; 
e. /IT- f* >/9r- 8. tfU5 - h* ySsT- 

The "square root** of numbers over 1000 is determined by looking for 
the number in the '^square" column^ then sliding over into the "number'* 
column for the answer. 

i, yi,225 - j. ye, 084 - V19,600 " 
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A"2 A, Ittpidincittttiymbol (Z) 
b. cutrinti or total cutrint 
G. ohmii k ohMf or M ohna 

d«ctiAM.4 4 4lnctiMlnK oppoiltlon «lvayi t«duc«i current* 
it Tntittttbut th«y muit bi ixtctly thi Mint typ« of oppoiltloni^ 



CALOJIATINC IMPEDANCE (cont) 

Th« total oppoiltlon or I^f^£DAKCE (Z) of a Sariai KC Circuit , ii 
calculated ab follovs* Uia tha '*tablai*' to check aach atap*** 




Z - )l + X^^ 



56W 



Z aquation* 
ki^ is dropped^ 



TOTAL OPPOSITION 



« ^ 3,136 + 1,764 From tha "tablaa**. 

^^''^ • j/ 4,900 Addad together* 

Z« 170 IcnD Prom^he "tttbW 

irith k Jl. added 



back on* 



The total opposition or IMPEDANCE (Z) of a Series RL Circuit , is 
calculated by the same method^ using a slightly different equation* 




60 kn- 



i 






+ 25^ 


y 3.600 


+ 625 



4,225 

65 k 



TOTAL OPPOSITION 




Z equation* 

k XL is dropped* 

From the "tables"* 

Added together* 

Frotn the "tables'* 
with k^ added 
back on* 
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A-3 


ft. 


676 


ft. 


4 


1. 


33 




b. 


7,223 


f. 


9.7980 


J. 


78 




e. 


15,376 


8* 


12.0416 


k. 


140 






209.764 


h. 


29.2S7S 







CAIiSULATlMfi IMPEDANCE (coat) 

Thft totftl oppoftltlon or IMPEDANCE (Z) of ft Sftriftft KCL Circuit 
1ft cftleulfttftd In ft ftlmllftr mftnnftr. 

•NOTB THE DIFFERSNCB — ^-^^^ 

Z 



+ ( Xl - Xc )^ 



Th« equation uaad, daptnda upon 
is th« lareer U«« the "tables" to 



2jjiic1^ oppoeition (X^^ or X^) 
check each example etep 




Z aquation 
k^dropped 
Subtract 
From tablea 
Added 

From tablea 

Z equation 
k dropped 
Subtract 
Froo tablea 
Added 

Pron tablea 



•TOTAL OFFOSITION 



Q-S Calculate the total opposition or IMPEDANCE (Z) of these circuits, 
(a) (b) (c) 




A-4 




t 






a. 60^ 




c, 170JI. 



CALCUUTING TOTAL CUR?ENT 

Onc« th€ IMPEDANCE (2) of a Strlta RisactlvQ Circuit Has b««n 
dctamlnid, th« calculation for TOTAL CVttRENT (I^) la tht ntxt jitpn, 
■ Total Currant (to ba calculatad) 
E^ ■ Applied Voltage (from tha fianarator) 
t ■ ImpeUanca (Drcvlouslv datamlned) 




2 • 






r2 + 






48^ + 






48^ + 


< u )' 




,304 + 


196 



2,500 



Q-6 Solve for Total Current (I^) In the fnllovlnft circuits. 

(a) (b) (c) 




l&a 




d, IJhat would happen to the Irtpedanca of circuit (a) If the opposltlor 

of the resistor Is Increased? (Inc or dec) 

e* ^at would happen to the Impedance of (a), If the fre<iuancy from 

the generator decreases? (Inc or dec) 

f* What would happen to the Impedance of (c) ^ If the opposition of 

the resistor Is Increased? (Inc or dec) 

g* VJhat would happen to the impedance of (c). If the frequency from 

the generator Is Increased? (Inc or dec) 

h* What would happer^ to the total current In (b) If the opposition of 

the resistor Is increased? (Inc or dec) 
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A-5 



VOLTAGE PROPS 

Curr<nc flowlnj^ In a Reacclv* CIrculCr will caude volcafte drops co 

occur dcroM each component* ^E^^Realgtor Voltajje Drop 

Capaclcor Volcage Drop 
Induccor Volcaf^e Drop 



CALC!JLATINC VOLTAGE DROPS 



Followlnft ch« calculaclon* for Impedance (Z) and Tocal Current (I^), 

rmlned by Ohms Law. 
ESISTOR 

VOLTAGE ''R " It 



Che Individual componenc volcag^^ro£S are decermlned by Ohms Law 

RESISTOR 




CAPACITOR 
VOLTAGE Ec - It X 

INDUCTOR ^ , V 
VOLTAGE - ^L 



2 - \/ r2 


+ 


(Xc - 






+ 


(IJ - 


>>' 


- Vl22 


+ 


( 5 




-^U4 


+ 


25 





IMPEDANCE 



/ 169 

n A 



I : — E. 2iv — 7 

/ TOTAL CTOREKT ' 2^ " 13k " ^ / 



Now calculate the componenc volca^e dropst.,, 
I. 




NOTE: The sum of the Individual volta^^e drops does NOT equal the 
Applied VolCaf*e^ it Is tlOT supposed co^ treasons, laCer, 



0'7 a. In Reacclve Circuits che volcaf;e drops are calculated using 
Law^ 

bt A voltage drop will occur when ^Elovs thru a resistor* 

■1 capacitor^ or an Inductor, 
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A*6 










Incraaie. t .an Incroaa* of <lthir oppoaltlon 
would lncra«ia thi total oppoiltlon* 


a* 




(2 - 


30^) 




D<cr<ase* * * If ftaq dtcraaaei^ Xi, dacraasea, 








- 13k A) 




arul thi total oppoaltlon would decreaaa* 


b. 


2mA 


(2 


f . 


lTicraaie***lf elthar oppoaltlon Incraaaea, 
the total opposition would Incraaaat 




2inA 


(2 


» 20kA) 




Decreaaa* t *lf ftaci Increaaaa, dacraasea, 
and the total opposition would decrease* 

Decrease***lf R IncraaseSf Z Increaaaa, and 
the Inctaaae of opposition decreases I^* 



VOLTAHE DROPS (cont) 

The Individual oppositions (R» X^, and X^) were added together In a 
special way to obtain the total opposition (Z) » Therefore, the Individual 
Voltage drops (E|^, and Ei,) will have to be added tof^ether In the flame 
special way to equal the applied voltaj^e (E^)* 
r^ip i ^ IMPEDANCE 




Z «\; R'' + Xr 



APPLIED VOLTAP.E 



z - \/"r" + (Xc - Xl) 



Z " 



En - V 



Q-8 Calculate the Individual Voltage drops In the circuits below. 





c. T-F The voltage drops In a reactive circuit, must be added together 
In a special way, to equal the applied voltage. 
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A-7 A. Ohms Uw,*** VOLTAGE ■ CURRENT * OPPOSITION 

b. cuttdnc tttmmbetlng chac cuttttnt does NOT flow **chtu** a 

capacitor due Co che *'dl«.l«cctlc"* UhAC la maanc, is current 
flowing In a circuit, containing a caDacltor. 




0-9 Dctemlne the tyre of circuit, select the proper ttroup of 
enuntions, and solve the fcllowing problems. 

(a) Er . (h) . (c) Ec - , 
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A-8 Z - 25kA 


Er - 


21V 








a, 

If * 3mA 


Ec m 

El ■ 


90V 
18V 


Z ■ 65I<Ln. 
If - 2mA 


Er - 120V 
El ■ 50V 


c, Tru« 



PQt-TER IN REACTIVE CIRCUITS 

ElectrlCAl energy, dcllvereii Into « circuit cnntalnlnj^ a reslator, 
Is tll9»lp.ited In the form of heat* 



ELECTRICAL 
ENERGY 




ENERGY 
DISSIPATED 




Electrical energy, delivered into a circuit containing, ^ can^cltor, 
l8 NOT dlMipated an heat- It Is stored^ ^g^^jigment , its a ''chnrRe** 
within the capacitor* Ulien the car>acltor **dl?tcharges*\ the enerjr,y is 
returned to the power source* 




/V ELECTRICAL 
V EMERGY 



/ \ returneeV ^ ^ — ^ — — 




£lectrlc;il enerf'^v, delivered Intr ^ circuit cont^lnlnr* an Inductor, 
1« dissipated as heat. It 1» stored^ fo^^jnonjent , as a n,if*netlc 
field, surroundlnrt the Inductor, When the fl«ld "collapses'*, the ener^v 
Is returned to power source* 



A \ / 7 3 

/\ ELECTRICALX X ENERGY ( J J>Z/^ « « 
V ENERGY ^ RETURNED \ J 




Q-l<^ a* T-F Power Is dissipated In the form of heat from ^ resistive 
component such as a resistor, 

b. T'F a capacitor dissipates power In the form of heat, 

c, T-F A capacitor ''stores*' power* 

dt T-F An Inductor "stores'* power In the form of a magnetic field 
e, T-F Inductor power Is **stored" when the field collapses* 
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Z - 40-a 




2 • 25*'/^ 


a. Ic - 3\ 


b. Ea - 75V 


f. 1^ > 2mA 


En - 72V 




- 48V 



APPAREOT POWER 



Tb6 «l€ccrlcdl ftner^y ddllvered InCo any AC circuit 1ft called chc 
APPAREOT POWER . (Symbol P^) It Is thg product of the Applied Voltage 
(Efl), and the Total Current (l^) • 




The unit of measure for Ap|i«rent Power Is the VOLT'AHPERE (Symbol VA)t 
If the circuit current Is In mllll'awperes (mA) ^ the Apparent Power 
calculation comes out In ml 11 l*vol t^ampefea (mVA) , 
EXAMPLES: 




Large amounts of electrical power, such as that required to 
operate radio or Radar equipment Is given In JCI^^VO^^AfgERES (KVA), 
EXAMPLE! AOOV at 50A « 2000 VA or 2 k VA 



0-11 Calculate the APPARENT POl^R In the following circuits. 
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A*-tO ^* Tru«t...it ii HOT t«turn«d« 

b. f«li«...it itotM •n«rgy «i « ch«rg«. 

it True 

#> P>l>t**>it r>turoa tht pwr whto tht fitld colUp>a»* 

Power disiip«t«d in th« form of hyat by circuit reiitftAnca, in 
called the TRUE POWEIt (Symbol P^)* It i« only a oart of tha Apparent 
Power delivered into the circuit. The ri;aj^ of the energy ia "stored*^ 
by cApacitora or inductora, end £e£urQ£j^ to the power aource when chey 




(i^l2 Calculeta the TRUE POWER in the followia^c circuits* 



<«) <b) <c) 




d. The "unit of measure" Eor True Power (Pt) is the * 
e» T*F The ^^True Power" ie dissipated by the resistive components. 
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A^ll a* 75 Volt Amperes 



150 mVA 



c. 18 jnVA 



POWER FACTOR 

Heotronlo olroulte often dmand more eleotrloal energy from a 
pofwer eource than th«y aetimlly uee or dleslpate* Thle le becauee, 
reactive oirculte contain power "dieelpattng*^ reeietore, and power 
■^returning!* capaoltore or inductors* 

A conqparleon of the powar deciand ^ a circuit (Apparent Pm/er), 
and the power actually used or dissipated (True Pow6r)| ie c&Ued the 
circuit PUV£H FACTOR (Symbol PP), 

The PatEH FACTOR (PF) hae no unit of measure * It is elmply a 
decijnal or percentage number * It indicates how nmch of the power 
demanded by a circxilt, is actually used or dissipated by the resistor* 




EXAIfflES: 




PF « 



TRUi: ?C:iER 
APPAiil.T FC;3R 



PF 



» ,25 or 25^ 

TBUE Pa;SR 
AFPAHEIiT pa-JER 



= *75 or 75?J 

the RL circxiit above, a greater percentage of the **iiiput^^ 
fippai'cnt Power (P^) is dissipated in the roim of heat. 



^-^13 a* The number which indicates what percentage of the Apparent 
Power is actually dissipated, is called the * 
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A- 12 












«. 


lOOU 












d. 


uatt 




b. 


36 nW 












■ . 


Tru«<<.ln the form of heat< 




c. 


35 mU 







OPERATIWG CHARACTERISTIC 

Altirnitlng currint clrculti'«ra ■poken of ■« "operating" or 
"acting"! RESISTIVELY. CAPACITIVELY. or IHDUCICIVELY . It d«pende upon 
the type of circuit, and the componente uecd. 

Thle CIRCOn le OPERATING . . . . 



»H( 1 



o^wv — rrro-o 



Purely tftslBtlve or teslstlvftly 

Purely cupacltlve 

Capecltlvely 

Purely inductive 

Inductively 



In the ceee of Series KCL Circuite, the oppoeltione of the 
capacitor And inductor determine how the circuit will operate. 

thie CmCUIT i« OPERATIWG 



Inductively 

Cepecitively 

Kesistively 




Ukn- 

o^^VAA 1 



Q-U How are the following circuits OPERATIKG or ACtlHG? 

(a) Cb) . . . II r»rvv\ ^ I If" 



1 

T 



( 



c) e^vA — I f — nrwuo 

2iLn. Zkn. 5kA 



ay-^ — It — rvmrv-o 

^"^-^ 61cfv 2kA 

(e)e-VNA- \{ — TfYTL^ 

'^■^ 9kJ-». lOkXL 




6kA 
(f) 
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a. Power Factor (PP) 



PllASE ANGLE 

The **angular** difference b«cveen che Applied Volca^t^ (^a)t and che 
Total Current (1^), i» called the PHASE AHGLE (Symbol h )• 

One of the important jobs of Reactive Circuits, is to develop a 
particular **phaae difference** b«tvcen the circuit voltage and current. 
APPLIED VOLTAGE 

The Applied .Voltage (E^), is an alternating volta^te (sine wave or 



c^cle)f supplied by some type of pover source* 
■O +120V 

120V PK / \ V 




360** 



TOTAL CURREtrr 

The Total Current (1^), is the alternating current resulting 
from the electromotive force of the Applied Voltage (E^), 

180O 




As the Applied Voltage (e^) increases and decreases, the Total 
Current (X^) increases and decreases at the same time* When £^ is at 
OV, the Total Current is at OA, When the Applied Voltage is at 120V, 
the Total Current is at its peak of 2Ap and so on 

a. The angular difference between the Applied Voltage (E^)* and 
the Total Current (it/ is called the _____ * 

b. T*F The Applied Voltage (Ea) comes from the "poCrer source*'* 

Ct T*F Each cycle of the Total Current (i|-) contains 360 degrees* 
dt The symbol for "phase Angle" is • 
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A-14 



i. Cipacltlvtly 
bt Inductively 



Ct Inductlvily (Xj, liVgir thin Xq) 
d. C4picltlv«ly (Xc l«rg«r th«n Xl) 
«. Inductlvily (X^ lAVgir thin Xq) 
f, Riilitlvily (Xc and Xj, iqual) 



PHASg ANCLg (cont) 

The numbir of degreii dlffarinci bitvein thi Appllid Voltage (E^) , 
and the Total Current (I^)t dependi upon the type of circuit . 



VVStZLt RESISTIVE 



PtIRELY CAPACITZVE 
O^—^ ^ 

CAPACITIVE 



PHASE 
ANCLE 



♦ - 90** 




In a " ^capacltlve " circuit, current LEADS voltage. 
The eitact angle between voltage and current, depends upon the opposition 
of the resistor and capacitor. 



PURELY RESISTIVE 



PURELY IHDDCTIVE 

o-/vrr> rvYTL-o 



INDUCTIVE 



PHASE A 
AHGLE ~ 



* - 0* 



♦ - 90** 



Xn Ati ' *lnductlve ** circuit* cutrcntr LAGS> yoltage< 
The exact anftlc betmen voltage end current « depends upon the o pposition 




of the resistor end Inductor. 



Q-16 e« 


T-F In e "resistive** circuit 


«.the voltage and current are 




'*ln phese**. 






T-P In *'capecltlve" circuits 


« current "leads** voltage. 


c. 


T-F In '*lnductlve*' circuits ♦ 


voltage "leads** current* 
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A-15 



b* Tru«****it ii « **»in« vtvi** voltigA, iuppliid from tone 

typ« of poMt sourcA iuch «i a g«n«ntor* 
c* Tru« 

('9)...ictiuiUy» it is th« Gr««k Uttir **th«ti*\ 



PHASE AMCLE (coat) 

Th« PHASE ANGLE ( O ), in a S«ri«i RCL circuit, dopMdt upon how 
Che circuit la "opwclnn ". The oppoalclon of cha cipaclcor and Induc- 
tor dacamlnaa how the circuit will "oparaca". 



PHASE ^ 

OPERATING RESISTIVELT 
0— V>AAr— I (-'^^W-o 

OPEKATIHC CAPACITIVELT 
OPERATING UIDOCnVELT 




In a " capmcitivc " circuit, current LEADS voltage* 
In an ' ^inductiva" circuit, currant LACS voltaaa* In an RCL circuit, 
when the opposition of the capacitor and inductor is the the 
circuit is operating "resist ively* , and the current is IK PHASE with 
the voltage* 

The exact number of degrees in the PHASE AMCLE ( ^ ) , is deter* 
fflined by the oppositions of the various components* 



Hm will the following circuits ''operate"? 

(a) (b) (c) 

31&V SiLfK 7lu\. 12la SIca 3ka Ika Qcjx 

Will the Total Current **lead*' or 'Hag'* or be "in phase** with the 
Applied Voltage, in the following circuits* 

(d) (e) (f ) 

21&1. 8kn. SlcA 21cA Sk^ I2k/i. iSc^ 251Ca. 
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A-16 a* Tru<««««voltAg< and current ^t±m and fall" togathw* 

b« Tru«««««lt could alao b« mU that voltaga "laga" o\trr«nt« 
o« Tru«««««0aylng th« voltage "lMdfl« current, la the eame 4a 
aaylng current "laga" voltage* 



PHASE ANQiE (cottt) 

The PHASE AMQIE ( ), for angr reactive circuit, can be determined 
thru the uae of a Ttlgonooketry Table* (The Electronlca Handbock KEP-110 
haa such a table*) The only cclumna of interest novf, are the "coaine " 
(coa) cclunm, and the "degree " (deg) cdumn* 

To obtain aome practice uelng these two coluoma, foUow along In 
the *^rig" table with each of these exacts t 

CO&BIB NUKBBR PHASE ANGLE 

(coelne column) (degree column) 






2.0P 


.9986 


3.og 


.9962 


5.0° 


.9900 




.9833 


10.5" 


.9673 




.9164 


^ 


.8755 


28.9° 


.8290 


u.o*> 



.7193 U.OP 
.7071 W.0° 



At 1^5°, the table now 'ifolds back upon lts«lf'S and is read baclcwardsl 




A-17 a* Capacltlvttly (Xq larger) d» Current will "Iftg" (XnductlvalyJ 
b» Inductively (Xi larger) e» Current "In phase" (Reeletlvely] 
c» Inductively (Xl larger) f» Current will i^lead" (Capacitivo) 



PH^SE At«}m (cont) 

The PHASE AjJGIB ( )| ie determined 1^ use of a Trigonometry 
Table* Several equations may be used to calculate the *>coaine nunber^i 
which is then used to lookup the Phase Angle ( ^ )» 




^^^^^ 



R (Resistance) 
Z (Ic^edance 




EXAI-IPIESi 




cos 



^ 32V 

T 



COS = ,5625 
55.8° 



Use ^Ichever eqm&lon is the easiest & nost convenient at the tls^e. 
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110 







d, 


47.1** 


B> 




b. 


23. 1** 




69.*'* 






c* 




f. 


80.0° 


1. 


61.3" 



SERIES 






Look-up "cos" In Trig Table 



SERIES RCL 

j( nrm—o 



Ec - It • 'tc ^ - • ^H. 



B B 
cosine = -s- or 



0 = Look-up "cos" io Trig Table 
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a. cosine » .3600 0 « 68.9" b. cos « ,9500 0 ■ iS.y 



REACTIVE CIRCUIT PROBLEMS 

D«t«rmln« th« typ« of circuit, aelect the propar group of atiuatlon* 
from th« prtvlouB EQUATION SUMMARY, and solve th« folloving Series React- 
ive Circuit problems. Answers listed under A-20 



Q-20 



(a) 



(b) 



(c) 



0 



id) 



1A 



24 A. 



0 



(e) 



18k i^: 
12ki 
36kA 



1 

3 



I^ - 




S6kA 



42lCA^ 



T 



(f) 



I- - 



150V 70 

1301CA 



4=0 



J 



(ft) 




lOOV 60 a. 



i 



400V 



28H, 



96Hn.; 



0 



(h) 



12a 

26V 13iv 
8a. 



(1) 



24lCiW 



(j) 




PF 



ISA' 



^) 34V 



8a. p 



PF 




13a. 



84a^^ 




1 
J 



ill 



♦ - 



12Ica 

50V tZ CV) 50V 

lav a I 
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VECTOR DIAGRAMS (Stttlti Rt«ctivtt Cltcultt) 

Anothttt mtthodf for txinining tht ptrfonunct of Rttctivt Circuitif 
it thru tht u»t of VECTOR DIAGRAMS, Alt'iough thty mty tpptar h«rd to 
undtritand firit, th«y do gitiplify tnd cltrify tht optrttion of mny 
electronic circuits* 

A VECTOR ii t lin€t htvlng t particular Itngth , end an arrow on 
one tnd indicating dirt ct ion > Tht starting point of the vector ie 
calltd the * ^referthce point" > 




.REmSHCB POIKT 



The length of the vector, trill represent the amount of Ohntf 
Volts t or Amps at a particular point in the circuit* The direction of 
tht vector^ depends upon vhalj , is being reprssenttd* 
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Tht opposition of a rtsistor (R), 
is alvsya drawn on the horizontal » 
to tht right of the reftrenct point. 



The opposition of an inductor (X^,)* 
is always drawn straight '^up" from 
the rtftrence point* 



Tha opposition of a capacitor (Xg) 
is always drawn atraight ^^down'* fr 
the rtferance point* 



rom 




a- A line, having a particular "length", and **direction*\ is 
called a * 

T-F*The length of the line represents **what Is being 
represented" by the vector* 
c* t-KThe direction of the vector, represents ''what is being 
repreaented^^ 

d* T-F*The length of a vector^ represents the '^ainount*\ 
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A-20 a. 


Z - 


23 


b. 


Z • 30k ^ 


c. 


It - 


ZtnA 


d. 


It - 


2fflA 


«. 


Bk - 112V 


f. 


Eq - 


26V 


S* 


^■ 


200VA 


h. 


p£ - 96mV 


1. 


PP - 


.8823 


J. 


PF - 


.1329 


k. 


- 40V 


1. 


« - 


53.1** 



VECTOR PIAGHAMS (cont) 



A v«ctor dlftgram c«n b€ uud to r«preient the oppositional in 
« S«rlas R««ctlv« Circuit* Th««e circultit and th«lr vector dl«gr«in«\ 
«r« shown below* Remember t R horizontal**** X^^ up X^; down 




0*22 Match the following circuits with their proper vector diagram* 
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21 4 



X*2\ vector 

b* FAl»***ithi length of ■ victor* riprtiinti th« amount* 

c* Trut oppoflltlon of ■ reilator, (horizontal) t**oppoaltlon of 

a capacitor (atralght down) * , *oppoaltlon of an inductor (up). 

Truat**tha graatar tha oppoaltlon, tha longar tha vactor. 



VECTOK_PIACRAMS (cont) 



Tha typa of circuity RC RL or RCL, can be datarmlnad by almply 
drawing the vactor dlaftram t initead of the actual circuit diagram* 
The direction of the vector repreienta the type of opposition* Recall 




Q-23 Match circuits with vectors* 




A-22 

a-2 b-3 c-1 

VECTOR DIAflRAHS (cont) 

Series RCU circuits, contain all three vectora i Xc, and Xj,. 
Remember, the direction of a vector represents the tjrge of opposition. 
The length of the vector Is Jetermlned by the amount of opposition, 

INCREASING RESISTANCE (R) CHAMCES THE VECTOR X 




A-23 

«•} b«2 c«4 d * 6 

IMf EDANCE VECTOR DIAGRAM 

Th« total oppotition (Imp«dance) of a ReiictlV€ Circuit* iB also 
r€pr«8«nt«d by a vactor* Tha IMPEDANCE (Z) vector Is obtalntd thru 
'V«etor additW> 

IHDUCTIVE REACTANCE 




The length of the IMPEDANCE (Z) vector^ represents the ajnojjn^ 
of total opposition In the circuit* Notice how the total opposition 
(length of Z vector) Increases » with an Increase in resistance (R) * 




Q-25 a. The ^'Impedance vector** is obtained thru * 

b* Increasing the opposition of the resistance^ causes the 
total opposition (Impedance Z) to (inc or dec)* 

c* Increasing the opposition of an Inductor (Xi,)> would cause 
the total opposition (Impedance Z) to (inc or dec)* 

ifOTE; Look at the angle between R and Z,j_^tjBa^^S-ll!lflamBtj— 
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A-2A 



ft - 1 



IMPEDAyCE VECTOR DIAGRAMS (cont) 

The total Opposition (lmpfitlAnc«) of nn RC Reactive Circuity is 
nlso represented by a vector* T1i« IMPEDANCE (z) vector is obtained 



thru 'Vector addition"* 




REFEREHCE POINT 



RESISTANCE 



CAPACITIVE REACTANCE 



VECTOR APDITIOH 
Pnrallel "dotted*' lines 





VECTOR SUM 
The Inpednnco (z) vector 




I 



The leny;th of the TMPEDAN'CE (Z) vector, represents the .inount 
of total opposition in the circuit* N'otice how the tr»tal onposition 
<len';th of Z vector) incre^^ses^ with ,in increase of C^^Padtive React- 
.ince (Xq) , 



I 




HOK A CHANCE OF 
CAPACITIVE REACTANCE (X^) 
^FFECT^H^El^r^^TayOTEDW^ 



'?-2rj The Impedance vector is obtained thru 
b* The Impedance vector is called the 



sum* 



c* T-F The "starting point** for vector diaSrams is called the 
Reference Point* 

d* What would increasing the length of the **resistance R" vector 

do to the total opposition (length of the Z vector) 

e* T-F Frequency affects (inc-dec) 

NOTE: There*s that angle ajjain* * * * the one between R and Z 1 ? 1 1 7 ? 
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A-25 t» Vector Addition 

b* Increeee, * , *i£ the R vector ie longer, tht Z vector is also* 
c* IncTeA8e**,*i£ the X^^ vector is drawn longer (more opposition), 
the resulting Z vector will also be longer. 

NOTE! Wonder what angle that is? Could it be the ? 



IMPEDANCE VECTOR DIAGRAMS (cont) 

The total opposition (Impedance) of an RCL circuit, is also 
represented by a vector* The IMPEDANCE (Z) vector is obtflined thru 
"vector addition", but there is one step to be accomplished f irst > 
THE DIFFERENCE VECTOR 

In RCL circuits, all three vectors (R, and Xl) present* 
The and vectors are in opposite directions ^ 

^jtE CIRCUIT / 




^ THE vectors / 



R * 4 



3=c-3 



I(X l - Xc) « 2 
Vl)irFERENCE/ 
\ VECTOR / 



Becauae X^ and Xl are in npjjoaite directions , thev must be 
subtracted , and a "difference vector'^ obtained, ^ (^^l * ^^c) - 2 

The "difference vector" is then added to 
the "resistance vector", and the 'Vector sum" 
obt«inrd, (Xl - X^) t ryrj ^ 

/ VECTOR ADDITION / i i rl T. 

This then, is the complete vector 



diagram, for an RCL circuit, /COMPLETE VECTOR DIAGRAM 



operating INDUCTIVELY. (X^ greater than Xc) 




a. In Series RCL circuits, the 

determined "first", 
b* The "Impedance" vector is obtained thru 



vector must be 



c. Increasing the resistance (R vector) would 



Iinpedance, 



NOTE; There's that angle again, between R and Zl (inc-dec) 
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a. vector addition 




b. vector 




c . True 




d. Increase, .increaslnft either opposition. Increases 


the total. 


e. Trusttttlf frequency increases^ decreases 
HOTEt Which angle? The one between It and Z! ^ 


I 


2irffc 



irffEDANCE VECTOR DIAGRAMS (cont) 



In an RCL circuit operating CAPACITIVELY (X^, larser than Xj^), the 



vector representlnft total opposition (Impedance) would be developed as 




Match the circuits with the proper tMPF.DANCE VHCTOR DIAGRAM. 
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A-27 

it dlff«ranc« v«cCor 

bt v«cCor addition only chl« Clm4 ic li ch« vAcCor addition 

of ch« R«flltcanc« R vaccor, and cha ^Mlffaranca^^ vaccor* 
c, Incraaia, 

NOTEt Thac ^^angla^ dapanda upon cha langch of R> and ''dlff aranca^^ veccori 



IMPEDANCE VECTOR D^ /^9 | yyfS (cont) 

If an RCL circuit li oparaclng p ^s;ST;VELy (x^ and aqual). 
cha vaccor repratenclng cocal oppoalclon (impadanca) would ba 
davaloped as follows ; 




(Xl-Xc) 



Nona Co do! 
tflch Che cancallatlon of x^ & X^, 
only RaaliCanca ramalnst and (R) 
bacomas Cha Cocal opposlclon (Z)t 



Z 



Thli la Che complaCad vecCor diagram for 
(X^ and Xl aqual) 
an RCL clrculc, oparaclng RESISTIVELTi 



q-29 Haceh Che elreulct wlch Chelr proper IMPEDANCE VECTOR DIAGRAM. 




;;3 B 
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A- 26 



a - 4 



b - 1 



IMTEDAMCE VECTOR DIAGRAMS (cont) 

Thi following, li a ■ummary of tha fiva baaic Impadanca Vactor 
Diafirans, for Sariaa Raactiva Circuita. 




OPERATING 
RESISTIVELY 



Q-30 Hatch the circuits with their proper IMPEDANCE VECTOR DIAGRAM. 




b - 



c - 



•» 5 
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A^29 a ■ 3 b ■ 1 

USIKC IMPEDANCE VECTOM 

Inpidanci Victor Dltgrani h«vi iivftral ubm which will now bi 
dlscuaittd. 




HOW IHdtEASIW; RESISTANCE AFFECTS IMPEDANCE 



Q-31 a. T*^F Impedance vector diagrams can be dravn» Instead of the 
actual schematic I to see how a circuit Is **operatlng*\ 
b. T-F It Is easy to see the changes which occur In a circuit, 
i^en the Ijnpedance vectors are used^ Instead of equationst 
NOTE: Soon that '^angle'* between R and is commltig up! 



ERIC 
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A- 30 



A - 3 



b - 1 



c ■ 4 



USTMC IMPEDAKCC VECTORS <cont) 



LTHIltD 



If th% Indlvlcttul Rinlatanci and Riactanc* 
vtctoti are drawn "to acala", the amount of 
Impedanci (Z) can be maaaurad directly from 
tha drawing t Thla allnlnataa tha naad for 

mathofnatlcal calculations for Impedance (Z)< 




A 

^FOURTH 



2 % 



9kA 



12lcA 




R - 9 



The PHASE ANGLE (0) 1» present In the Impedance 
vector diagram* The annle between the Applied 
Voltage (Eft) and the Total Current (I^), will 
be the ^1^ ^ ag the anfile between Resistance (R) 
and Impedance (Z) vectorst 




Ani;les chosen as EXAMPLES only! 



0*32 a, T-F The Impedance (2), can be measured directly from an accur- 
ately drawn Impedance Vector Dla^ramt 

b, T-F The Phaae Angle (0), can be measured directly from an 
accurately drawn Impedance Vector Dlagramt 

c, T-F The angle between R and 2, has the same number of degrees 

aa the Phase Angle to), 



ERLC 
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^"^^ a. Trua....ofcan vaecor dlagrtmt ara uaad Co axplaln hew a elrculc 
funeclona alaecrleally. 

b. Trua and Falaa and Somaclnaa ic all dapanda upon hov familiar 

vaecora and aquiclona ara< Ic*a an Individual choice! 

MOTRt Finally "chac** angla. la ic raaly cha Phasa Angla « ? 



USING IMPCTANCE VECTORS (ConC) 

Moclce how Che clrculc PHASE ANGLE («} Increasaa or decraaacs, 
vhan Resistance (R}> or Reactance (Xc and ^i,) changes. 




HOW INCREASING \ AFFECTS 
THE PtIASE ANCLE 



h 



tsfl^'R kaA^ 



HOV IKCRE.\S"1\G R, AFFECTS THE PHASE ANGLE 







HOW DECREASIKG RESISTANCE, AFFECTS THE PHASE ANGLE 




now INCREASING 
« prf CAPACITIVE REACTANCE 
*C / * AFPECTS THE PHASE AKCLE 9 








HOW DECREASING INDtlCTIVE 

REACTANCE, AFFECTS TJIE 
V PIT.'SE AKGLE 9 

jj, 

\. 

R 




q*33 a< 


In 


an 


RL 


circuit, 


what will happen to (ft), if frequency inc? 




In 


an 


KL 


circuit, 


what will happen to W, if R increases? 


c« 


In 


an 


RL 


circuit. 


what will happen to (ft), if L decreases? 


d. 


In 


an 


RC 


circuit. 


what will hapoen to (ft). If C increases? 




In 


an 


RC 


circuit. 


what wlLL happen to (ft) , if frequency inc? 
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A-32 A. Trufl.<**th« mora flccurata th« drawing, th« not* AccutAta will b« 
the Impfldflncfl tuAflUtamant* 

b. Tru«.<. -Although It im NOT tha PhAM AnglA, It haa tha gAma 
numbat of dagtaat, And la oftan m«tk«d aa <^)t 

c. Trua««««aaa anavat (b) abova. 



USING IMPtnANCE VECTORS (eont) 

RCL elreulta, containing all thru vectors (R, Xq, «nd Xj,), ar« 
somewhat more difficult. Obacrve the ahlft In the PHASE ANCLE (ft) 
when the following changea are nade. 



ERIC 




HOW DECREASINT, J^q, CHA!fCES THE PHASE ANGLE ^ 



HOW INCREASING INDUCTIVE REACTANCE, 
AFFECTS THE PHASE 
ANGLE* ^ .0 

J— t 



L 
A 




Xc 




I 
( 



now INCREAStHC RESISTANCE AFFECTS THE PHASE ANCLE « 



Xr 



Xl 

ii 



A: 




Q-34 a* In an RCL Circuit, operating Inductively, what will happen to 
0) if the fraquency la Increaged? 

b. In an RCL Circuity operating Inductively^ what will happen to 
W If the Haalatance (R) Is decreased? 

c. In an RCL Circuit, operating Inductively, what will happen to 
(4) If the Inductance (L) la Increased? 

d. In an RCL Circuit, operating CAPACITIVELY, what will happen to 

If the frequency Is Increased? 

e. In an RCL Circuity operating capacltlvely, what will happen to 

W If the Resistance (R)__1s decreased? 
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A-33 a. 


Inct t 


..Inc frtq » Inc • Inc 




Xl - 


ZTTfL 


b. 


DtCt* 


. ^Inc R ■ dec ffi) * 




c* 




f*dec L (Inductanct) ' dec ' 


dec (^)* 






d. 




**lnc C (Captclttnce) ■ dec Xc 


- dec (^)* 


H 






Dec* * 


**lnc £r«iutncy ■ dec Xc ' dec 






2TTfC 



VOLTAGE AND CURREOT VECTORS 

The anftular difference between the Applied Volta^^e (E^) ^ and the 
Total Current (If)^ Is also represented sb a vector diagram, The 
Applied Voltage (E^) 1« drawn on the horizontal . sLulllar to the Resis- 
tance (R) vector. • » It Is also asslr,ned a 
value of zero dej^rees* # 

The Total Current (1^) will "lead" . "1a£\ or be " in phase vlth' ^ 
the Applied Voltage (E^)* It depends upon the type of circuit* and 
how It Is operating > 



LEAD 




Positive angles are assigned to "leading " currents* "Ugplnr *' 
currents are marked as negative an^^les* '' In phase" currents are 

It /+68^ 



Indicated ^££2 degrees* 



CtmREHT "IS PHASE" 



I 



CURRENT "^^ I^qO ( 




I / 30" * CURRENT ''LEADING*' 
I 



Q'3S a* The angular difference between the Applied Voltage (Ea) and 

the Total Current (It), Is called the Angle (0)* 

b* The Total Current (It), will 'lead", "lag", or be *' 

*' the Applied Voltage (E^)* 

c* T-r^Posltlve angles are assigned to "leading** currents* 
d* T-F^Posltlve angles are assigned to "lagging" currents* 
e* T-F*A current angle marked /-AS^ would be "leading" (E^) • 
f» T-F»A current angle marked /^ll^ would be "leading" (Ea)» 
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A-3A «. Inc fr«q Inc - Xl Inc - ^ Inc 

bt Inc d«c R ■ Inc ^t.t<(look carafully) 

C. Inc Inc L - Inc Xl - Inc * Xl - 2 TTfL 

d. D«c Inc f»q - d«c Xc ■ d«c 6 

«. Inc.*t*.d€c R ■ Inc ^t.t*(ch«ck ctrtfully) ^ ' ^ 



I 



VOLTAGE AND CURREHT VECTORS (cont) 

Tht Total Currant (1^) will '"lead", *'las*\ or be '*ln phase with" 
the Applied Voltage (Zq) , It depends upon the tyj^e of circuit, and 
how It Is operating > Reviewing the ''operating characterlstlcs'**t 
This CIRCUIT la OPERATING 

^-^^^^^■1 ^^^^✓"O Purely realstlve or realstlvely 

O j ^ j ^ Purely capacltlve 

0^A/>y<J 1 ( 0 Capacltlvely 

0JW\^ OnnrV-0 purely Inductive 

In the caae of Serlest kCL Circuits, the opposition of the 
capacitor and Inductor determine how the circuit will operate* 

This CIRCUIT Is OPERATIKG 

lacA 16kiw 

Inductively (Xl larger) 
Capacltlvely (^c larger) 
Reslstlvely (Xl ^ Xc equal) 




Q-36 a* The factor which determines whether the current will be 'leading 
"lagging" or *'ln phase" with the voltage^ la how the circuit la 



b» EC clrculta, "operate" 
c* RL circuits, "operate" 



d* KCL circuits, (with X^ and Xl equal), "operate**^ 
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c* Ttu< 

<i ralM***ilt would b« **laggltig** by 43 dtgtMi* 

£* Tnw 



VOLTAGE AND CURRBKT VECTORS (cont) 

* In **pur<ly filitlvi" clrculci. th% Tocal CurtMC (Xc> will b< 
' *ln phaw" wlch ch< Appll«d Volcagt (E«). 

IH PHASE 





In "purily capacltlv' ^ clrcul», ch< Tocal Curranc (X^). vlll b€ 
90^ ouc of phai€ wlch th% Appllad Voltage (E^)* The currenc will LEAD 
cha volcaga* * Alt 




In a S«rle« RC circuit . operating "capacltlvaly" . ch« local Cur- 
renc (If) vlll LEAP Che Applied VolCage (Ea). buc NOT by Che full 90^. 
ic will lead by Che FHASE ANGLE for chac parclcular clrculc. 




V) 1 




The Reslscance (r) . and Che Capaclclve Reaccance (Xc) . 
decermlne Che exacC number of degrees In Che PHASE ANGLE 



I(j_37 s. In "capaclclve" clrculca, currenc 
. b. T-P In an RC clrculC, I^ "le,d«" E. bv 90 Am^r^*.. 



ml cage I 
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A-36 



a, op«rating or acting 

capacitivaly 
c, inductivaly 

d> raaiativaly (vith and Xl aqual) 



VOLTAGE AND CURRENT VECTORS (cont) 

In "purely rcaistivc" circuits, tha Total Current (It) will be 
*' in phase " vlth the Applied Voltage (E^)* 

>E. 




In "purely inductive" circuits^ the Total Current (I^) * vill be 
90^ out of phase vitb the Applied VoltaRe (E^) * The current vill LAC 
the voltape* £ 




In a Series RL circuit, operating * 'inductivelv "* the Total Cur-^ 
rent (It) vill UC the Applied Voltage (E^) , but ^ by the full 90**. 
tt will by the PHASE ANGLE («), for that particular circuit. 




Remenber l The Resistance (R), and the Inductive Reactance (X^) > 
determine the exact number of dejsrees in the PKASE ANCLE (6). 



^^^^ a. In an "inductive" circuit, current 



b. In an RL circuit, It "lags*' Eg by 90 degrees. (T-F) 



voltage. 
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A-37 ^* '*U«df'* 



VOLTAGE AWP CURRENT VECTORS 

In Serifts RCL Circuits operating " r€<l<tivalv" . the Total Cur- 
rant (I^), will be "in phase" with the Applied Voltage (E|^), 




In Series RCL Circuits operating " capacltlvely '*t the Total Cur- 
rent (It)f will LB/U) the Applied Voltage (£&) * It will LEAP bv the 
PHASE AHGLE (9) for that particular circuit* / o 

^^tb^ 

*o 




In Series RCL Circuits operating " Inductively" , the Total Cur- 
rent (It)f will ^ the Applied Voltage (E^), It will LAC bv the 
PHASE ANGLE (ft) for that particular circuit • 




The factors that determine the exact PHASE ANCLE (fi) for these 
circuits are; Resistance (R)* Capacltlve Reactance (X^) and Inductive 
Reactance (X^)* 

ri 



a, T-F In a **capacltlve" RCL circuit, current "leads*' voltage* 
b* T-F In an "inductive" RCL circuit, current "leads" voltage* 



40 



238 



b» FAl»****ln An RL circuity chA Cocal curranc will **Ur" cha 
appllad volCAga by whacavar thm Phaia Angle (&) tot Chac 
pArclcuUr drculc !■* 



VOLTAGE AND CURttEOT VECTORS (eanc) 

Th8 * Volta|^c drop!* * which occur in Strlei ReacClva ClrculCa, ara 
also rapraaanced by vaccora* Thrw RULES daCarmlna cha poalclona of 
th«. valt«e v.ctar.. ,^0^ V^^H 

1 Tha voltaga drop will alwaya be IH PHASE vtth tha currant* 

2 Tha volcaga drop vlll always LAG cha curranC by 90 dagraas* 

3 volCAga drop vlll alvavs LEAD che curranC by 90 dagreaa* 

In A Series RC Circuity Cha Applied VolCage (E^), end che ToCal 
CurrenC (ic) vecCora are drawn flrsC > They should be drawn^ Che PHASE 



ANGLE aparCf for ChaC parClcular clrculc* 



>^e/jl 



Following RULE 1, che ReslaCor VolCafte (Ef^) 
Is Chen drawn IN PHASE wlch che currenC* 




1 



I 0-40 a. Eg Is always "In phase" vlth the 

b^_Ej^^^UiavaJ|]j|£^jj^£7^ ^ degrees. CT-F) 
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A-39 

A, Trui 

b, F«lM,t,tin "inducciv«" citcuics, cuttftnc '*Ugi^ volCig*, 
VOLTAGE AND CURRENT VECTORS (cont) 

In A S«tUi RL CitcuiC, cho ApplUd VolCag« (E^), and Ch« ToUl 
CuttanC veccotB «t« dtavn titst t Th«y should be drawn, Che PHASE 
ANGLE (^) epatc, for chat patcicuUt citcuic, 

1 

Z /t\ Following RULE 1, Che Rcalscor VolcaRe (tji) 
> Vj/ ^* drawn IH P11ASE with Che currenC. 



0 



«- - 40 





Following RULE 3, Che Induccor Voltage (E^^) 
Is Chen drawn LEADIHC che currenC by 90°, 
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A-*40 currtnc ALWAYS *'ln phaie" wlch ch# currtnc! 

b. Tru# ALWAYS "laga'* by 90 dwrftwi 



VOLTACE AND CURRENT VECTOR^ (conC) 

Concftrnlng Strlfts JACI^ Circuits » ch« flr«c flxampl* will be for on# 
opsraClng *'capaclclv#ly*' , wlch lc« LEADING curranc* 





Following RULE 1» Ch« RealaCor VolCage it^) 
la Chen drawn IN PHASE wlch Che currenc* 




Following RULE 2» Che CapaclCor VolCage (Ec) 
la Chen drawn LAGGING Che currenC by 90^* 



Following RULE 3» Che InducCor VolCaga (El) 
la Chen flrawn LEADING Che currenC by 90" 

, 

*-c 

E 





Finally, aa Eg and E^ are oppoalCe (180** 
ouC of phase) » a ^difference** vecCor Is 
creaCadf and drawn In* (t^ * E|^) 



^ This la Che compleCed VOLTACE 
CURRENT vecCor diagram, for a 
f Serlea RCL Clrculc, operaclnf; 
I CAPACITIVELY* (Leading eurrenc) 




Q*A2 a» T-r In any RCL clrculc, 1« '*ln pha«e** wlCh Che currenC* 

b* T-F In a "capaclclve** RCL clrculc, I^ ^'laga" E^* 

c* T-r In a *'capaclclve*' RCL clrculc, ^'leads*' E^. 

d. T-F In a ''capaclclve'* RCL clrculc, Ec "lags" E^ by 90 degrees- 

e. T-r In a *'capaclclve" RCL clrculc, Ec "leads" Er by 90<*, 
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A-41 



a « 4 



b " 2 



VOLTAGE AWP CURREKT VECTOItS <cont) 

tha VOLTACE-CURREHT v«ctor dlAgram for an RCL Circuit, operating 
**inductiv«ly*\ is davelopad aa followg* INDUCTIVE ( Lagging currant ) 

^E. 





Following RULE W the geaistor Voltaga (Ef^) 
is then drawn IN PHASE with the current. 




Following RULE 2, the Capacitor Voltage (Ec) 
is then drawn LAGGING the current by 90^. 



Following RULE 3, the Inductor Voltage (Ei) 
is then drawn LEADING the Current hy 90^* 





Finally, aa E|, and £^ are opT>osite (180^ 
2 out of phase), a "difference** vector is 
^ created, and drawn in* (E|^ - Eq) 



This is the completed VOLTAGE 
CUKRENT vector diagram, for a 
Series gCL Circuit, operating 
INDUCTIVELY. <Ugging currant) 




Q*43 a* T-RIn any "inductive" circuit, Current "lags'* voltage* 

b. T-F.In an **inductive" RCL circuity Eg "lags" E^. 

c. T-F, In an '^inductive'* gCL circuit, "leads" Ea. 

d. T-F,In an "inductive" RCL circuit, Ec "leads" E^. 

e. T-F/In an "inductive" RCL circuit. El "leads'* Ex^ hy <*) . 
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^'^^ True Er li ALWAYS "in phaM" vlch cha currinc. 

b. Fali«..,.chi curr«nc ^'liadi*' E. by Chi PhMi Angli (^). 

c. Tru by cha Ph«i« Angli W + 90 digriii. 

Fil IC **Ug9** OK....buC NOT by 90 digrcii. 

• • Falii..,.EQ ^'Uga** Er by 90 digrwi. 



VOLTAGE AMD CURRENT VECTORS (cont) 

The VOLTAGE-^CURREHT vccCor diagram for an RCL ClrculC, oparaclng 
'Veslfttlvely*'. Is developed aa follows. RESISTIVE ( ln*Phaae current) 




❖ ■ 0 "Ik. It 



Following Rt)LE 2, Cha CapaclCor VolCage (E^) 
Is then drawn LAGGING the current by 90^. 




Following Rt)LE 3, the Inductor Voltage (E^^) 
Is then drawn LEADING the current bv 90^« 




Because E^ and E^, are equal In amount « 
and opposite In phase, they cancel. 
NO "difference" vector Is created » 
and there Is NO vector addition to 
accortpllsh* 





Since Eq and E^^ cancelled each other, only 
the Resistor Voltaj^e (Er) remains* Follou- 
Inn RULE 1, the Resistor Voltage (Er) Is then 
drawn IN ?HA5;E with the current, and equal to 
the Applied Voltage (E^)^ 



This Is the completed VOLTAGE 
QJRRCNT vector dlar^ram, for a 
Series TICL Circuity operating 
RESISTIVELY. (In-phase current) 




Q^44 a« The Total Current (ic) Is '*ln phase" with the Applied Voltage 
(Efl), In RCL circuits "operating" . 

b, T-F In RCL circuits Ec "leads" and Ej^^la gs" the current* 
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A-43 a* Tru« 

Ttui by ch« Ph«M Antl« (O). 

c* Ttu« by 90 d«gr««i mlnui ch« Phii« Angl« <^)* 

d* F«Im ic "Ugi** Eg by ch« Ph«i« AngU W 4* 90 d«gr««i* 

i> yilii It ^'liadi" 0K> but not by th< Phaii Angli 



USING VQLTACE VECTORS 

tat«r» In Elictronlci training, voltaga vactora vlll ba uaad Co 
axplaln tha oparatlon of many complax clrculti* At thli tlma, thay 
will ba uiad to show tha axpactad raaulti , whan thaia voltagas ara 
dliplayad on an OsclIIotcopa* 

For axamplet If tha PHASE Ay<;;LE («) , {or a Sarlai RC Circuit, 
la 30 degraaa, the voltaga-current vvctor Is ai follows* 





Tha following OsclIIoscopa displays would be observed* 

USIKC THESE TWO VOLTAGES THIS DISPtAY BE SEEH 





^ E, 





Q-45 a* 


T'F In 


an 


RC 


circuit, 


leada Ea by tha Phase Angle (^) * j\ 


b* 


T-F In 


an 


RC 


circuit. 


Ec and Er are 90 degreei out of phase* 


c* 


T-F In 


an 


RC 


circuit » 


Ec and E^ are 90 degrees out of phase* | 
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A* rillitlvily 

b, Falii* II **juit th« r«virii*«*«*ln ill RCL elreulti, ''liidi" 
eurrint, and E<; eurrint* 

USING VOLTAGE VECTORS (cont) 

If the PHASE ANGLE for a TSirlai RL Clreult» !■ 26 degriii» 
tht voltigt^eurrant Yictor diagram Is aa follovat 





The following Oscilloscope displays would be observed. 

VSIHG THESE TWO VOLTAGES THIS DISPtAY WILL BE SEEN 



IT-'' 





90' 




a* T-^F In an RL circuit, and Ea are out of phase* 
T-F In an RL elrculti E^ and E^ are (0)p out of phase* 
e* T-F In an RL circuit. El 'lags** by 90 degrees* 
d* T-F In an RL circuit, Ea '*lags" El* 
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b. Tru« 

e« Fala«....th«y at« 90 d«grMa mlnua (^)| out of phaa«i 



USING VOLTAGE VECTORS (cont) 

An KCL Circuity with a PHASE AHGLE (fi) of 20 d«gtua IMDUCTIVE. 




USING THESE TOO VOLTAGES THIS DISPLAT WILL BE 8EEH 
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a. Truii.iivlth E|t URglng G« 

bt FAliii.tthiy an 90 digriii mlnui th« Phiii Angli« out of phaii< 

Qt 7iliiit>GL liida Er by 90 digriii. 

d. Trui.,..thiy art 90^ mlnas (Q)^ out of phaii. 



VECTOR SUMMARY 



IHPEDAMCE VEaOR VOLTACE-CURREMT VECTOR 



RL 



OPERATING 
INDUCTIVELY 



RC 



OPERATING 
CAPACITIVELY 





OPERATING CAPACITIVELY 



R 
C 
L 



OPERATING 
RESISTIVELY 



OPERATING INDUCTIVELY 
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SUMMARY 



Thli itudy of 1tuctlv« ClrculCi li only • biglniiing» providing 
th« bailc thiory end cilctilatloni lovolvid* Vilng thli thorough 
**it«rt**» Bori advanced circuit thaory cin nov bo itudlod and undir- 
itood* Tichnlcal rafirinci cantari ivrovlda many publlcatlona on tha 
uaa and appllcatloni of **raactlva" clrculta* 

Many of thaia publlcatlona hava vactor diagram* for datallad 
axplAnatloiii and uilng tha knowladga gilnad hara, i nbra complata 
undaritandli^ can bi obtilnad* 

Tha usa of Trlgonanatry In thi iolutlon of raactlva plrculti, 
li an accaptad practice In noat technical booka, and tha ikllli now 
laamad ihould ba put to uia, itudylng idvincad circuitry* 

It hai not been in '*aaiy" iubjact* It vai navar Intinded to ba* 
Comblnatlona of railatori^ cipadtori^ and Inductori, fora tha 
controlling cantari of all ridlo, telavlilon, radar, connmlcatloni» 
and Spaca ayitami* Tha aalntananca of thla critical tcrulpmanti can 
only ba acconpllihad by quallflad tachnlclani^ vho undaritand that 
It li tha "Intar^vorklng** of iimpla conponanti vhlch raitilti In tha 
high standards of aqulpnant parfonnanca raqulrad today* 

Raactlva Circuit In tha nlddla of It ALL! 



ATC K««Bk*r 
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Keesler Air F^rcd Bai«p MlMlMlppl 



ATC OP 3AQR3X020-X 
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Electronic PrinclpUs 
PABALLEL RCL CIRCUITS 
Module 22 

ThlB Guidance Package 1b designed to guide you through this module of the Electronic Prin- 
ciples Course* It contains specific Information^ Including references to other resources you may 
study^ enabling you to satisfy the learning objectives* 



CONTENTS 
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Ust of Resources 2 

Digest 3 

Adjunct Guide 6 

Module SeU-Check 13 



Supersedes KEP.GP-22, 1 November 1973^ which will be used until stock Is exhausted. 
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OVERVIEW 



PARALLEL RCL CIRCUITS 



1. SCOPE: This module expands on your knowledge of cftpftcltorSt collSt and resistors as they 
apply to RCL circuits. You will compute voltage dropt currents^ phase anglet Impedance^ and 
power factor for parallel RCL circuits. 

2* OBJECTIVES: Upon completion ot this module you should be able to satisfy the following 
oblectlves. 

a. Olven a parallel RCL circuit diagram with component values^ applied voltagSt £re-* 
quencyt and formulas^ solve for power factor, true power, and apparent power. 

b. Given a parallel rcl circuit and vector dlagramst select the vector dla^tram repre* 
sentlng the relative amplitude and phase relationships ot I^, I^, I^, and I^* 

c. Given a parallel RCL circuit diagram with component values^ frequency, amplitude 
of applied voltage^ and formulas, solve for branch currents, approximate pfaatie angle^ total 
current^ and total Impedance* 

d. Given a parallel RCL circuit diagram with component values^ branch currents^ and 
formulas, solve for applied voltage. 

e. Given a parallel RCL circuit diagram with component values and formulas, solve for 
total Impedance by assuming an applied voltage. 



AT THIS POINT, YOU MAY TAKE THE MODULE SELF-CHECK. 

IF YOU DECIDE NOT TO TAKE THE MODULE SELF-'CHECK, TURN TO THE NEXT PAGE AND 
PREVIEW THE UST OF RESOURCES. DO NOT HESITATE TO CONSULT YOUR INSTRUCTOR 
IF YOU HAVE ANY QUESTIONS. 
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LIST OF RESOURCES 

PARALLEL RCL CIRCtnTS 

To satisfy Um obJ«etlT«s of this modula, yGu may choose, acconUiV to your tralntng, 
•xparlence, and prsferencw, toy or all of ths foUowlnc: 

READING MATERIAJLS 
Digest 

Adjunct Oidde ifitb Student Text 
AUDIO- VISUALS 

Televlsloo Lesson, Parallel RCL Clrculta, TVK 30-363 



SELECT ONE OW THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE 
SELF- CHECK. 

CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE. 
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DIGEST 

PABALLEL RCL CIRCUITS 
Let U8 review the propertlea of a baiic parallel RCL clrculti 
1 < The voltage acroee each branch of a parallel circuit is the eame* 

2* Total current la the vector sum ot the individual branch currenls* Total current will be: 



3. Hie current In each branch Is given by Ohm's Law. 

=a 



-IT 



4* Due to the current and voltage relationships for a capacitor and inductor, the pbase rela* 
tlottshlp of I(; and I|^ are escactly opposite* Total reactive current vtU be the difference 
between the capacittve current and the Inductive current* 

A t>aslc parallel RCL circuit Is shown In figure U The first step in the solution of this 
parallel RCL problem is to determine and X^* 

'c 



X. = 27rfL = 40ka 



160 V I 





R 




C 


Ll 




32 kA * 














.1 gF 





RSP4'10?9 



Figure 1 

Using Ohm's Law, solve tor 1^ (16 mA), 1^^ (4 mA). and (5 mA), 
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OIOEST 

Utfing totftl current and the applied voltage^ iolve for total Impedance. 

Zr «l2Jlc 




♦ i" 4mA 



It >13niA 



lp*5 mA 



REP4'10iO 



Figure 2 



Figure 2 ahows the relatlonBhlp of the current valuea. Angle 0 can be determined by using the 
cosine function* 

Cose=-^«AEA:- .3046 



\ 13 



mA 



Referring to the trigonometric tables* find angle d to l>e 67*4*. 

We say the circuit Is acting capacltively if the capacltive current Is larger than the 
Inductive current* How the circuit acts Is determined by which reactive component has the 
larger current. 

As with series RCL circuits^ there is no real power dissipated by the capacitor or the 
Inductor In a parallel rcL circuit* Real or true power (F^) Is the power dissipated by tiie 
resistor* a 
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DIOEST 



The unit of maaiuremmt of K th« watt. Apparent power (P^) 1« tfai product of and 
and is meacured in volt amperes (VA). 



P 



t 




in thlB circuity P is 2.08 V A and is qoO tnW< Power factor (PF) is the ratio of tnw power 
to apparent power. 



p 

_^ t 800 mW . 



Notice that the PF Is the same as the Cos of the phase angle (9)< 

When the applied voltage Is not given, you can solve for total Impedance by using an 
assumed voltage. Use the assumed voltage and calculate the current through each branch. 
Combine the branch currents to determine total current. Use total current and the assumed 
voltage to calculate total impedance. Regardless what voltage is assumed, the Impedance 
will be correct because Impedance is the ratio of current to voltage* 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK. 
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PABALLEL RCL CIRCUITS 

INSTRUCTIONS; 

Study the referenced materials ai directed* 
Return to thla guide and answer the questlona* 

Check your aoawera against the answers at the top of the next even numtiered page fol- 
lowing the questions* 

if you experience any difficulty* contact your instructor* 

Begin the program* 

A. Turn to Student Text Volume in and read paragraphs 4-1 through 4-6. Return to this page 
and answer the following questions. 

1. Mark true (T) or false (F) for each of the following statements pertaining to parallel 
circuits* 

a. The voltage across all components Is of exactly the same phase and amplitude* 

b* The current Is always the same through all branches* 

c* The total current is the vector sum of the branch currents* 

d* The voltage across a capacitor leads the current* 

e* The current through a coil lags the voltage* 



CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE* 

B. Turn to Student Text Volume in and read paragraphs 4-7 through 4-15* Return to this page 
and answer the following questions* 

1* Identify the vector diagram for a parallel RCL circuit* 

-a* 

ia 



ADJUNCT GUIDE 




3. Ju tUa circuit flod: 



"a- 




JtBM-iO«? 



CONFIRM TOUR ANSWERS ON TBE NEXT EVEN NUMBERED PACK. 
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ADJUNCT OUIOE 



ANSWERS TO A: 

1. a. T cl. F 

b. F e. T 

c. T 

U you missed any qiuestlons, review the material before you continue. 



ANSWERS TO B; 

1. b 

2. = 5 mA 
Z - 7.2 k a 

» 3 mA 
= 4 mA 

e =53.1' 

3. E =< 48 V 

a 

I = 6 mA 
10 mA 
Z ' 4.8 kfl 
e -36.0° 

If you missed any questions review ttw material before you continue* 



C* Turn to Student Text Volume m and read paragraphs 4-16 through 4*20* Return to this page 
and answer the following questlona* 

I* In the following circuit solve for: 



\ - 

Z =. 







96 V 





REP4-10a4 
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2S 

ADJUNCT GUIDE 



2. In thli Circuit ulv* tor: 



I 



L 

\ 
Z 

s 




4ka 



BH 



RSP4'-10$S 



3. 3olTe tor: 



B = 

Z =. 







Tio V 




1 31BHt 




130 mA 


REP4-108e 



lOOmH 



CONHRM YOUB ANSWERS ON THE NEXT EVEN NUMBERED PAGE* 



D. Turn to Student Text Volume m and read paragraphs 4-21 through 4-31. Return to this 
page and answer the following questions. 

1. For the circuit showHt draw the current-^voltage vectors and solve for: 



Z 









180 V 


M ko 


30 ko 1 



MkQ 



SEP4-1087 
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ANSWERS TO C: 
1. - 8 mA 



V;) 



1. 



6 mA 



» 10 mA 



Z 

e 

2. X. 



9.6 kt) 
36.9* 

3 kt) 
I » 40 DiA 
Ij^ « 30 IDA 
1^ > SO mA 
Z =1 2.4 k t) 
« » 53.1* 
1^ = 120 mA 
= 50 mA 
- lM.7ii 
R * 63 0 
Z = 760 



J 



22.6* 



If you iDlssed any qpesttonst review the material before you continue. 



2. Solve for: 

Z = 




10 kfl 



20kfl 
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3. 8olv« (or: 
E. - 




10 mA 

i 



5kQ 




23 kQ 



ttSP4*1099 



CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAOE. 



E. Turn to student Text Volume m and nad paragraphs 4-32 through 4-36. Return to thle page 
and aitswer th« following questions* 



1. In this circuit find: 



PF 



© 

48 V 
159 Hx 



3ka 



.04 uF 



IH 



PSP4'1090 



CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
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ADJUNCT OUIOB 



ANSWERS TO D: I 




If you tnlased ANY questions, review the material before you continue. 



ANS^RS TO E: 
1. = 768 niW 
- 960 m VA 
PF - .7997 

If you nilaaed ANY questions, review the material before you continue. 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK. 
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QUESTIONS: 
1. Solve fort 

\ ■- 



MODULE SELF-CHECK 
PARALLEL RCL CffiCUITS 



6 




R ^ 
12lcO .0099 uF 



Dravr th« currmt v«ctor0. 



2. If th« capacitor In piobKni on« was replaced by a 1 pF unit, would. 



and would 



3. Solve for; 



z ». 



Pa- 

PF =. 

e - 



© 



120V 
60 Hi 



SH 

KSP4-1092 



Draw the current vectors. 



ERIC 



13 

263 



MODULE SELF-CHKCK 

4. If th« frcqtMoey oi Um gtmrator In probltm Uitm it daertascd, Um appUtd Toltagt would 



2^6 



S. Solve for: 



PF". 




I0l« 



kg 



MMP4'1093 



Draw the current vectors. 



6. If the core of the coU In ixrobleni five is replaced by a material bavliig a higher peraea- 
bUlty, would and 1^ muld ♦ 

7. Solve for: 
Z - 



c =. 



a 
PF 




Pt = .36W 



Draw the current vectors. 



ERIC 
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MODUU SELF-CHECK 



8. Solve for: 
2 



0, Solve for: 



9 



PF 

Z 



Draw the currant Tactors, 




U V 



50 kQ 



200 kQ 



liQ 1 



kQ 



UkQ 

\ 

RSP4-109S 




RSP4'-109? 

15 
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MODULE SELF-CHECK 
11. The totftl impfdanct ig 

a. 4 k ohmi 

b. 4*9 k ohmi 
c* 0*4 k ohma 
d. 12 k ohms 




12. The reading on the ammeter ban increased* What la the trouble? 

a. has decreased. 

b* The resistance ot the resistor has 
Increased* fr\j 

c. The coll has opened* 

d* The capacitor has opened. 




BSP4*1099 



13* Total Impedance is 

a. 5 k ohms* 

b. 10 k ohms* 
c* 15 k ohms* 
d* 20 k ohms* 

14* In this circuit* 



ft. R = 

b. Is less than X^^. 



c* 1^ lags Eg 



d. leads E^. 




A I A 13 mA 



RSPd'UOO 
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MODULE SELF-CHSCK 




Draw the current vectora, nsp4^no2 



16, Solve for: 



Pa-- 

PF a. 

9 =. 

Z =. 



12 7 
259 m 









f 3 




.25 UP r 



2 H 



Show vectors. 



17. Solve fori 



159 Hi 



Show vectors. 




1(3 -5mA 



CONFIHM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
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MODULE SELF-CHECK 



ANSWERS to MODULE SELF-CHECK 








L - 16 mA 
1^ - 12n}A 


-3073mW 

P^ - 3640 mVA 
a 


'c 


\i mA 

1 


It 20 mA 


^ - 20 mA 


PP ■ .6 








Z - 9,6 Icq 


e ■ 36.6* 








« UkQ 








Ip 16 mA 








J?£F4«JJ0J 


2, I-decreaiM and E- 


remains the same. 










Pj -3.6W 






tp 30 mA 






► 


> 30 mA 


P^ - 6 VA 
a 








1^ s 40 mA 


PF » .6 








* SO mA 


6 s S3.1* 








Z - 2.4 kQ 






p 

40 mA 


50 rT>A J?£P4-JJ04 


4. Voltage woiild remain the same. 








5. \^ = 10 mA 


Pj =2W 






Ip 20 mA 

^ 


s 20 mA 


P^ = 2.23 VA 
a 








1^ 3 22.3 mA 


PF > .6960 








Z = 4.46 k a 


L > 26.S H 


1 




It 22.3 mA 


6 = 26.4* 








R£P4-JJ05 


6. E. nsould remain the aame and would 
decrease. 


I 


^ 8 mA 


It 10 mA 


7. Z > 6k a 


P^ » 600 mVA 
a 








Xj, = 7.5kQ 


PF • .6 








C = 133 pF 


> 6 mA 








= 60 V 

a 


>8mA 












Ip 6 mA 


e = B3.1 • 








A£P4-JJ06 



la 
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MODULE SBLF-CBKCK 



ANSWERS TO MODULE SELF CHECK (CooUiMMd) 
















16 mA 






B. « 4&.S k Q 


'c 


-1,- 






It \i.imA 


0. t_ - 1 mA 


PF « *SS80 




7 






■ 18 mA 


Z • 1*09 kQ 










■ 4 mA 


• 64 mW 




/ 






- mA 


P^ ■ 248 mVA 










e - 79* 






\ 

\ mA 




4 mA 


10. a 












11. e 












12. e 












13. d 












14. b 


• i 


12 mA 






IS. 1^ « IS mA 


L =3H 










1^ =12mA 


p^ = 1800 idW 








— ^ tS mA 


R 9 8 k a 


P 3 2040 m V A 










= 120 V 


PF s *W23 1. ~ 'c 








tt 17 mA 


F = 318 Bz 


A AA 4 # 

0 = 28.1* 










Z = 7.0S k a 


1 


' l|_ > 20 mA 




FEP4-110t 


16. 3 48 mW 










P =80 mVA 












PF^.8000 










e = -38.9* 
Z = 2.4 k Q 


: 




6 at 


^ It- 
3Bi 


5 M 
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MODULE SELF-CHECK 



AHSWEBS TO MODULE SELF-CHECK 



17. E - 80 V 



,It " 5 irt 



I. *< 3 mA 



It. a 1 mil 



HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT, REVIEW THE 
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL QUESTIONS 
CORRECTLY. IF YOU HAVE. CONSULT YOUR INSTRUCTOR FOR FURTHER GUIDANCE. 
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TROUBLESHOOTtUG SERIES AND FARALLEt RCL CIRCUITS 
(TROUBLESHOOTING CAFAClTORS AND INDUCTORS) 
Module 23 



This text la dealgned so that you will go through It step by step. 
Each step of Instruction Is designed to teach a stnall bit o£ Information. 
Answers to the questions for each step are given at the top of the next 
even numbered page (blocked). 

Read the Information on the next even numbered page and respond as 
you are directed. Confirm your responses. Do not proceed until you have 
responded correctly. If you require assistance* see your Instructor. 



TITLE 

Introduction 

Troubleshooting Capacitors 
Troubleshooting Inductors 



CONTENTS 

FACE 
1 
2 
13 



Supersedes KEF-PT-23, 5 November 1974. Previous editions may be used. 



TBOUBESSHOQIIHQ CAPACHQRS AND INDDCnORS 
INTRODUCTION 

Ih elaotrordo olroultii oftptoltori and induotorsi Ilkn nalitorsi 
becoDft d«f6otlv» And jmst b« liolAt«d and repUoed* Dafeotlva nalitors 
can usually be Identified fklrly oonoluelvely with the ohssneterj howeveri 
thie Is not the case with oapaoltore and Induotors* It usually requires 
more careful attention to the troubleshooting procedures in order to 
identify defective capacitors and inductors than It does to detect 
defective resistors* 

The troubleshooting procedures that c&n be used to leolate 
defeotlve capacitors and induotors are prssented in this text. The 
material Is divided Into two parts. The procedures for troubleshooting 
capacitors are in the first part and the procedures for troubleshooting 
inductors are in tta second part. 

The material Is presented in steps with questions separating 
the steps. Respond to these questions and be sure you know the answers 
to these questions before advancing to the next step. 
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TftOUBLESHOOTlNO CAPACITORS 



What oan o&uaa a eapaoltw to beoooa defaotlvo? Although than 
Are otharai than are a^na of the mora ftvquant oauaaai (1) Voltage 
surgaa that exoaed tha WVDC rating of the oapaoltor produoe an are of 
current through the dlaleotrlo ffiatarlali partially or oomplataly 
destroying the dlaleotrlo} (2) high tempenture or the ftequent ohangea 
in tempenture oauae expansion and oontnotlon within the oapaoltori 
causing the leads to separate from the plates} (3) moisture geta 
inside the capacitor (paper capacitors are veiy susceptible to moisture) 
and destroys the dielectric material; and (4) soma dielectric material ^ 
usually tha electrolyte in the electrolytic capacitor - deteriorates 
with age or long storage time* 

More Important than the causes of capacitor failure la the types 
of failures that they produce* Voltage aarges and moisture in a 
capacitor nonnally cauae a aiORIED or LEAK! coiidltlon* High 
tempenture or frequent (^nges in tempenture sometimes cause an 
OIEH condition. The three types of £kilurea dlscixased in this text 
aret (l) the SHOBTED capacltori (2) the 01^ capacitor; and (3) the 
LEAK? capacitor. 

Some of thf* test Instruments that can be used to troubleahoot 

capacitoi^; are the capacitor checker (which Is rarely available to the 
technician)^ voltmeter^ amaeter^ and obmmater* 
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U«u«lly^ th« OHIMSI£R la preferred ov«r all the other taat 
Intttrunents* It ia the aaalast to uae and will yield more Infonnatlon 
about the condition of a eapaoltor In leae tlM than any of the othar 
Inetnuoenta* The OKMMSTER will be used In all further dlscuaalon 
on the trouble flhootlng of oapaoltorfl and the ohnaneter section of 
the PSM-6 will be used in all eAiotples* 

QUICK QUIZ 1, 

1. This text win discuss the that can be used 
to Isolate defective capacitors* 

2. Txi troubleshooting capacitors^ the three most common types of 
Allures Htoly to be encountered are the , , 
and capacitor* 

3. The test Instrument usually preferred over other types to 
troubleshoot capacitors Is thei 

a* voltmeter c* obmmeter 

b« anaoeter d* oscilloscope 

Check your ansvers on the next even numbered page. 

When used to check capacitors^ the obmmeter has a number of 
limitations that one must know In order to make the best use of the 
ohmmeter. These limitations are: (1) the obmmeter cannot be used to 
measure the amount of capacitance (in farads) of a capacitor; (2) 
capacitors with very SMALL capacitance (less than *001 microfarads) 
cannot be effectively checked for an OIGN condition; (3) the LEAK/US 
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ANSWSRS TO QinCX QUIZ 1, 
!• procedures 

2. openi Bhorti and leaky 

3. c 

teat on an electrolTtio capacitor la usually not reliable (all 
electrolTtic capacitore have sonia allowable leakage according to 
their capacitance)} (4) capacitora with a WDC rating laae than the 
internal pover aource of the ohnanater ahoald not be checked; and 
(5) capacitora are not checked at their full WDC rating* 

If the condition of a auapect capacitor cannot be deteimlned by 
using the ohsuneteri the nonnal procedure is to replace it yith one 
known to be GOOD* This usually requires less tljne and effort than 
to obtain the test equipment necessary to perform elaborate checks 
on a relatively inexpensive ccHnponent* 

QUICK QWIZ 2. 

1, The ohmmeter cannot be used to measure the of a 
capacitor • 

2, Capacitors with very capacitance cannot be effectively 
checked for an open condition with the ohnmieteri 

3, If the condition of a suspect capacitor cannot be determined with 
the ohmoeteri it should be replaced with ^ capacitor known to 

be . 

Check your answers on the next even numbered page^ 



4 

276 



The order In whioh a o&paoitor ii ohaoked for « SIK)RT| OFEHt or 
IMXt oondition la not important* To eetablish a pattern for tha 
purpoae of explanation onlyi tha enauing diacuaaionfl yill be in the 
following ordert (l) the oheok for a SBORIEI) oonditionj (2) the 
check for an QiP!^ condition} and (3) the check for a LEAKI condition* 
A capacitor that ia neither SHORTEDi OI^i nor LEAKY can uaually be 
considered to be a QOOD capacitor* 

Before zDAklng any tests with the chnaeteri it is VEBY IMPORTANT 
that power be removed from the circuit being checked and all capacitors 
should be discharged by connecting a wire across their tenainals* Alsoi 
for the ohmmater indications to be meaningful > the capacitor Mist be 
isolated frcm the other components in the circuit. 

If the capacitor is connected in series ^lith other components t 
it can be isolated by opening the circuit at aiqr point* In other words ^ 
the current from the ohimDster can have only one pathi into and out of 
the capacitor* Txi a simple series circuit as shown in Figure 1*1| the 
capacitor is isolated and the power source is removed whenever the switch 
is open* If no switch is providedi the circuit must be disconnected froit 
the power source* 
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ANSUERS TO QUICK QUIZ 9. 

2* amAll« 
3* good* 




Figure 1-1 



Figure 1-2 is a aiiirple parallel circuit* Fouer can be removed 
from the circuit ty opening the eyltch* If no eyltch ie provided, 
the circuit mufft be disconnected Srom the source; also, one lead of the 
capacitor MUST be disconnected fraa the circuit to isolate the capacitor* 




QUICK QUIZ 3* 

1* To pwvtnt dftBiaging th« ohianettri m at bt rtoovid 

ftoan tb0 olroult to bt ohaokad* 

2, For tha ohsBDatar ratdlng to ba maanlngfUli tha c&paoltor sniat 
ba • 

3, A oapaoltor that la nalthar ahortadi opani nor laaky can uaually 
ba conaldarad to ba a , oapaoltor 

Chack your anavara on tha naxt avan nuabarad paga. 



Aftar tha powar haa baan ramovad froDL tha circuit and tha capacitor 
Isolated ftom tha other componantai tha next atop la to prepare the 
ohmmater so that It will Indicate the smallest aaount of reaiatance* 
Thla la dona setting the range switch to the lowest-ohm position 
(RXl) and calibrating tha meter; theni the ohmmeter leads should be 
connectad to the capacitor as shown in Figure 1-3* It la not nacessaiy 
to observe polarity* 




Figure 1-3 
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ASSMERS TO QUICK QUIZ 3. 

1. power. 

2. Isolated* 
3* good. 

A re&dlng of ZERO OHM indicates that the dielectric material has 
conqi'letely broken down end is allowing eurrent to paes between the 
plates. This condition Is tenwd a SHORTED capacitor. 

The next check la for an OfEN capacitor (cOOl/iF or larger)* 
Prepare the ohmmeter by setting the range 
switch to the highest -ohm position (R X 10,000 ohms) 
and calibrating the meter. As In the prerlous step, the obinneter la 
connected to the capacitor; however, It Is TBiy Important that the 
ohmmeter needle be observed very closely at the Instant the leads are 
connected to the capacitor. This step should be repeated two or three 
times, reversing the ofanaketer leads to the capacitor each time the step 
is repeated. If the ohimaster needle remains at infinity and DOES NOT 
deflect up-scale as shown In Figure 1-4, the capacitor is OFQI. 




QUICK QUIZ A. 

1. To ohaok a oapaoitor for a 0hort| tha ohnonatar rmnga awltoh ahould 
be a«t to that 

a* CiXl poaltion* o* AXIOOO poaition* 

b* nnO poaltion. d. AX10|000 poaition* 

2* A zaro-ohtt reading on tha ohnonatar Indloatea a oondltion 

for a capaoitor* * 

3* To chaok a oapaoitor for an openi tha ohnmatar ranga avitch ahould 
be aet to that 

a* AH poaltion* o» £N.X1000 poaltion 

b* AXLO poaltion* d* ACI0|00O poaltion* 

4* Vhen troubleahootlng a capacltori the needle of the ohmaeter remaina 
at Infinity and doea not deflect up-acale* The capacitor lat 
a* ahortad* b* open* c« good* 

Check your ansvera on the next aran numbered page* 

The laat che^ to be parfonaed on a capacitor la probably tha moat 
important taat of all-»th6 teat for Z£AKAGE* Since no dielectric 
material la a perfect Inaulatori all capacitora have an allowable 
leakage (current flow) betveen thair platea* Only \ihan thla leakage 
becomea axceaaiva is a capacitor conaidered to be defectlTe* Thla 
leakage variea directly according to the capacitance of a capacitor* 
The ohmmeter will izullcate this leakage aa reaiatance} therefore^ since 
most capacitora have vary small leakage currenta^ the ohmmeter will 
Indicate a very HUH reaiatance for a GOOD capacitor* 
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ANSWERS TO QUICK QUIZ 4. 




1. a. 


3. d 


2< 0hort«d 


4. b 



To teat for IDAXAQE, th« obmwtar la wt to tha hlghaat ohm 
poaltlon (RXlOfOOO ohm) and oonneoted to the oapaoltor In tha mm 
mannar aa for the SSSiKS, or OPEN taat. Axgr ataady raalatanee reading 
on tha ohmmeter aa ahovn In Figure 1*5 indlcatea that tha earaoltor 
being checked la a lEAKT capacitor. Ramamber, this teat COBS NOT 
apply to an alectrolTtlc capacitor. For the lZM<k(3S teat tha hands moat 
not touch the capacitor leads . /- \ 




Figure 1-5 



A GOOD capacitor can also be checked because a good 
capacitor will give a definite Indication on the obmeter. As for the 
open and leakage check, the obmDater la aet to the KZ10,000 ohm position 
and the ohnmeter needle obaervad very closely at the instant the leads 
are connected to the capacitor. As shown in Figure 1-6, the needle 
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dhoiild daflaot up-floale (toiiax^l z%ro ohm) tnd than drop btok to 
infinita raaiftanoa* Tha latda ahould ba ravaraad two or thraa tinaa 
to Insure that tha oapaoitor la diaohargad* 
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OHm 













Figura 1-6 

QUICK Qinz 5* 

1. Leakaga current is read on tha ohnmetar as: 

a* voltage b. current . c . resistance * 

2* To test for leajcagei the ohnmater should be set to tbei 

a* 0.21 position c« ILXIOOO position* 

b. liXlO position* d« A.X10|000 position* 

3* Vhich reading Indicates a lealcy capacitoif 

a* zero ohm b* 50CK) ohm c* infinity, 

^* With the obmmeter nnge on BX10|C00 which capacitor vould cause the 

ohmmeter needle to deflect up-*scale and then drop back to infinity? 

a* A good capacitor* c* A shorted capacitor* 

b* a lealqr capacitor* d* An open capacitor. 

Check yuur ansvers on the next even numbered page. 
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ANSWERS TO QUICK QUIZ 5* 

1. 0 3* b 

2. d 4* a 

In emmnaiyi u a oapaoitor ohackari the ohnUDater is a vizy ueefiil 
inatrument* It oaimot be used to oheck CI ctpaoitore for each type 
of failure. Hoveveri a capacitor that oaimot be checked oompletely 
ahould be replaced with one knovn to be GOOD. Agpiliii in preparing the 
circuit I remove power to the circuit and isolate the component. In 
many caaeai to isolate the capaoitori almply remove it f^om the circuit* 
Remember I a zero-ohm reading on the ohmmater Indicatea a SHORIEB 
capacitort an Infinite reading with no momentary up-ecale deflection 
of the obMoeter needle indicates an OPEN capacitor; a steady resistance 
reading other than infinity or zero-ohmi indicatos a LEAKY capacitor; 
and a reading of Infinity after a mcsnentary up-ecale deflection Indicates 
a GOOD capacitor* 
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TROUBIXSHOOTIHQ INDUCTORS 



An Inductor 10 a oiroult ooanponent dasignad ao that induotanoe 
la ita moat Important propartjr. Coila ohokaa are daaignad ao 
that thajr praaant a apaoifled amount of Induotanoa to a oiroult; 
hovover, audio and powr tranafonnara,, voica ooila in apaakera, flald 
and armature wlndinga in motors for all practical purposes of trouble- 
ahooting can be treated exactly the aama aa coila and chokes. 

]^uctora do fail and einoe thejr are an integral part of many 
electronic oircuita, they must be checked to detenoine their condition. 
The most ccasnon types of failures that occur in inductors aret (1) 
0?M windings; (2) SHOKTED turns; (3) winding to core shorts; and 
(4) SaOHIS between windings* 

Although there are test instruments designed specifically for 
testing the different types of inductors— chokes ^ transformers, motor 
windings, etc. — usually the QHHMETER ie used to perform the 
preliminary checks on an inductor suspected of being defective. 

Again, to make the best use of the OHMKETTER, its limitations 
most be known. As an inductor tester, its limitations are these: 
(1) the ohnsDSter CANNOT be used to measure the inductance of an 
inductor; and (2) shorted turns in inductors are difficult to locate 
with the ohmmeter. 
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QUICK QUIZ 6. 

1. Th« t«at Initruiunt that la uvually uaad to loaka prallalnaiy ohadka 
on Induotora ffuapaotad of balnf daf^otlw la thai 
a* ohmmatari b* voltnMtari o. amnatar* 

2* Tha obmmatar CAKNOT ba uaad to maaaura tha of an 

Inductor* 

3. Uauallyt a dafactlm liaduotor haa: 

a* Increaaad In liiduotanoa* 

b* aborted or open winding. 

c* bacoma rea(»iant. 
Check yoor anawera on tha naxt even numbarad F&ge. 

Tha flrat atep In anjr troublaahoatlng procedure In ^Ailch the obnooeter 
la utilized la to REH)VE poyer to the circuit* Secandlyt laolate the 
Inductor from the other componanta 1a the circuit In the aama nuumer 
aa when trcubleahootlng capacitors* 

After the power has been renmed traa the circuit &nd the Inductor 
Isolated £r<m tha other ccanponentai the next atep Is to prepare the 
ohmnieter ao that It will Indicate the maxljniiin amount of resistance* 
This Is dona b7 setting the range switch to the hl^st-ohm position 
(RX10|000) and calibrating the mater} thent the obmneter should be 
ccmnected to the inductor aa shown In Figure 2-*l« 

An infinite realstance reading on the obmmeter indicates that the 
inductor Is definitely 01^. 
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QUICK QUIZ ?• 

1* Before trouble dhootlng Inductors vith an ohmmetari the 
inuet be removed and the component * 



2* To check Inductord for open windingSi the ohmneter range suitch 
must be set to thei 

a* XinO podltlon* c* UnOOO position* 

b« azlOO position* d« rvZlO^OOO position* 

3* A reading of infinite resistance on the ohmmeter indicates that an 

inductor hasi 

a* open winding* 

b« shorted winding* 

c« leal£7 winding* 
Check yoor answers on the next even numbered page* 
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ANSWERS TO QUICK QUIZ 6. 

1. t 

2. induotanot* 

3. b 

ANSWERS TO QUICK QUIZ 7. 

2. d 

3. a 

As statad praTicu8ly» ona lliaitation of tha ohmaatar is that it 
cannot ba usad to ohaok all Inductoro for shortad tuma* For aj(BiBpla» 
an inductor wound with a fav turns of larga coppar uira» such as BF 
coila^ yill indicate zaro rasiatanoa on tha ohmmatar avan on thaiLXl 
nnga. Thus a shortad turn in this typa of Inductor cannot ba datactad 
with the o^jsmater* Homver^ aoinB inductors CAN be checked for shorted 
turns. If tL ioSing resistance is sufficiently high to be oeasurad 
with the ohDuneter and if tha resistance is known^ an inductor of this 
type can be checked for shorted turns* 

Figure 2*^ shows an emuple of a transfoimer that has shorted turns 
in the secondary winding* The ohnooeter indicates 500 ohms which is a 
decrease of 250 ohms from the 750 ohms specified for the secondary 
winding of the transfonaer* A decrease In resistance much less than 
the amount shown In Figure 2-2 would still indicate shorted turns In the 
trans formar^ev^n a decrease of a few ohms of resistance* 
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Figure 2-2 



QUICK QUIZ 8. 

1« Select the inductor(fl} that could be checked for shorted turns 
idth the ohinmeteri 

a* b« c« d« 




2. An (a) (increase/dearease) in winding resistance indicated 

shorted turns. 
Check your answers on the next even numbered page. 
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ANSHHRS TO QUICK QUIZ 8* 
1. b 

2* a decrease* 

Another type of short that can be detected with the ohiometer is 
a short between the tuma and core material* Of course , this type of 
short can only occur In an inductor having an Iron core. To check an 
inductor for vinding-to*-core shortSi connect the ohmmeter leads between 
the core and winding aa shown in Figure 2-3* Since GOOD inductors 
have infinite resistance between the core and vindingSi any resistance 
reading on the obrnmater other than infinity Indicates a defective 
inductor • 




Figure 2-3 
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Laffti a type of abort that oooura In Induotora \dth multiple 
\dndlngei auoh as tianafoxmersi la the ahort between vijidlnga* In 
tranafomerai the vtndlnga are uaually wound very tightlyi one upon 
the other) therefore, if the insulating material ahould fail, a ahort 
will oocur between the windings* Shorts between windings can be 
detected with the ohmmeter* To test for shorts between windings of an 
iiiductOTi connect the ohmmeter leads betwen windings as shown in 
Figure 2*4* A resistance measurement muet be made between each set 
of windings In tuxii* GOOD transformers have infinite resistance 
between windings) thereforei any resistance reading other than 
infinite indicates a defectivt transformer* (See Figure 2^4) 




Figure Z'U 
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QUICK QUIZ 9. 

1* A good iivductor ahould have (InfinltOi low) irasistance between 
its core and windings* 

2. The ohmmeter (cani caimot) be used to detect shorts betveen 

the windiiigs of an inductor vith Miltiple windings. 
Check your answers on the next even numbered page* 



How do you troubleshoot an inductor suspected of having a short 
and yet the obmmater indications are inconclusive? If the inductor 
is expensivBi requires a great ainount of time to replacei and ia not 
readily availablei check all the other components associated with the 
inductor — if th^ are goodi the inductor inust be defective* An 
excellent check for any inductor suspected of being defective is to 
substitute it with a NElf inductor* 

QUICK QUIZ 10* 

1. Uhen troubleshooting inductors with the ohmneteri it is difficult to 
detect: 

a* open windings* 
b* shorted turns* 
2* Name ONI! jnethod of checking an inductor without the use of an 
ohmmeter* 

Check your answers on the next even numbered page* 
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AMSWERS TO QUICK QUIZ 9. 

1. infinite. 

2. can. 



ANSWERS TO QUICK QUI2 10. 
1. b 

2i substitution* 



This programmed text is not complete until after you have completed 
laboratory exercise 23-1. t^pon completion of the laboratory exercise 
steps, confirm your answers }sj using the ohimneter to check each 
component. Remember, power mast be removed and the component 
isolated (disconnected) before the ohmmeter is used* 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE IODUI£ SELF-CHECK. 



22 



ATC ST 3AQR3X020-X 



Prepared by Keesler TTC 
KEP-GP-24 



Technical Training 



ELECTRONIC PRINCIPLES (MODULAR SELF-PACED) 

MODULE 24 
SERIES RESONANCE 



1 October 1975 




AIR TRAINING COMMAND 



Designed For ATC Course Use 

00 NOT U5£ ON tHt JOB 



BaBlc and Applied Elactronlca Department 
Keealer Air Force BoAe, Mlaslaelppl 



ATCGP3AQ[t3X020"X 
KEP-OP-24 
October 1975 



ELECTRONIC PRINCIPLES (MODULAB SELF-PACED) 
MODULE 24 
SERIES RESONANCE 

This Guidance Package Is designed to guide you through this module of the Electronic 
Principles Course^ It contains apociflc Inforinationt including references toother resources 
you may study^ enabling you to satisfy the learning objectives* 

CONTENTS 

PAGE 



Overview 1 

List of Resources 1 

Adjunct Guide 1 

Laboratory Exercise^ 24*1 8 

Module SeU- Check 7 

Answers ^ 



OVERVIEW 

1* SCOPE: If the frequency applied to a 
series RCL circuit Is varied^ the Inductive 
reactance can be made to equal the capacitive 
reactance* When this occurs^ we have 
resonance* This module discusses the condi- 
tions that exist when the series circuit is 
resonant* Resonant circuits are used in radio^ 
radar^ and telephone circuits to separate 
signals in terms of frequency* Practical 
training to determine bandwidth^ bandpass^ and 
resonant frequency completes the module* 

2* OBJECTIVES: Upon completion of this 
module you should be able to satisfy the 
following objectives: 

a* Given the response curve of a series 
RCL circuity compare the magnitude of current 
flow at resonance and off-resonance* 

b* Given a series RCL circuity and vector 
representations of current and voltage^ select 



the representation which shows current and 
voltage relationships 

(1) below resonance* 

(2) above resonance* 

(3) at resonance* 

c* Given a series RCL circuit and for- 
muiast determine the effects on current^ 
impedance^ and phase angle by varying 
Individually 

(1) frequency* 

(2) resistance* 

(3) capacitance* 

(4) inductance* 

d* Given component values of a series 
RCL circuit, calculate the resonant frequency* 

e* Using a series RCL circuit connected 
on a trainer, signal generator^ and multi- 
meter, determine the halipowev points, band- 
width^ bandpass^ and resonant frequency* 



Supersedes KEP*GP-24^ 15 May 1975 which may be used until stock is exhausted. 
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LIST OF RESOURCSS 



1. What ii the d^flnltion ot ntriM r60onancc7 



To satisfy the objactivao of this niodul6» 
you may ch00i6» according to your training^ 
6xperi6nce» and pr6fer6nC6S» any or all of 
the following: 

READING MATERIALS: 
Digest 

Adjunct Guide with Student Text* Vol Ul 

AUDIO VISUALS: 

Television Lesson, Series RCL Circuits 
(Resonanca)t TVK 30-2fiO 

LABORATORY EXERCISE: 

Series Resonance 24-1 

AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMILIAR WITH 
THIS SUBJECT, YOU MAY TAKE THE 
MODULE SELF-CHECK. IF NOT, SELECT 
ONE OF THE RESOURCES AND BEGIN 
STUDY. CONSULT YOUH INSTRUCTOR 
IF YOU NEED HELP. 



ADJUNCT GUIDE 

INSTRUCTIONS: 

Study the reference materials as directed. 

Return to this guide and answer the 
questions* 

Confirm your answers at the back of this 
Guidance Package. 

If you experience any dliflculty, contact 
your Instructor. 

Begin the program. 



A. Turn to Student Text Volume IH and 
read paragraphs 5-1 through 5-14. Return 
to this page and answer the following 
questions. 



2. Referring to the graphs which point is 
considered to be resonance? 

■ a. Point A. 

■ b. Point B. 



c. Point C. 




C FREQUENCY 



3. How does a series RCL circuit act when 
a frequency below the resonant frequency Is 
applied: 

. a. Capacltlve. 

, b. Inductive. 

■ c. Resistive. 

4. How does a aeries RCL circuit act when 
a frequency above the resonant frequency is 
applied? 

, a. Capacltlve. 

, b. Inductive* 

■ c. Resistive- 

5. ^hlch of the following Is NOT a condition 
or characteristic of series resonance? 

a. Xq - Xl 

b. Z = R 
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« c. 


Z i» minimum 


., d. 


1 la maximum 




Eft " 


- (. 


Er « 


- g. 


Ec « El 


. h. 




- 1. 


Pa » Pt 



6< How does a series RCL circuit act at 
the resonant frequency? 

a* Capacltlve. 

— , b. Inductive. 

■- , c* Resistive. 

7. If opposition to current at resonance Is 
minimum, what is the condition of current 
in the series pCL circuit at resonance? 



8* For any given rcL circuit, how many 
different frequencies will cause a resonant 
condition? 

a. One. 

, , b. Two, 

c. Three. 

9, If you have an bCL circuit acting capacl- 
tlvely, what three parameters can be changed 
to make the circuit act as aresonant circuit? 



lOt Identify th« following vsctori and 
Indlcatt whether they represent a series RCL 
circuit at resonance* above resonance^ 
or below resonance. 

a. — 




ItSP4'Xl26 

b. 

XL 

i 




t 



c* 



Z 



xc 

rtEP4*112S 



CONFIRM YOUR ANSWERS 



B. Turn to Student Text Volume HI and 
read paragraphs 5*11 through 5*22. Return 
to tttis page and answer the following questions. 

1. Solve for the resonant frequency when 
L is 10 mH and C is 1 ^F. 



2 29S 



2. Solve for the resonant frequency when 
L le 2<S mH and C is 10 ^F* 



3, Solve for the resonant frequency when 
L is 9mH ancl C is SpF. 



C* Turn to Student Text Volume in and 
read paragraphs S*23 through 5*43* Rtturn to 
this page and answer ttie following questions* 

1, Solve for: 

f - 



4* Solve for the resonant frequency in the 
following circuit. 

3mH 




RrP4-ii27 



5. The following chart Is a graphic illus* 
tration of the different quantities In a series 
RCL circuit* Match each curve with the 
quantity It represents. 



^ a. 


Curve A 


tx) 


I 


- b. 


Curve & 


(2) 
(3) 


z 


c. 


Curve C 


(4) 










Curve D 


(S) 


E 






s 






J 

\ / 
^^ V 


\ / 

\ 








\< 





CONFIRM YOUR ANSWERS. 



I 




23 H 



25V 



.01 uF 



2. Draw the vectors for this circuit. 




20Q 



20 Q 
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3. S«lict thi propir vtotort forthlt circuit. 
CE^ !• to bi mad u a riftrinci.) 




llOf) 




b. 



, — , 0, Capadtivily aiut opiratlng 
bilow ritonanci. 

■ <t, Irutucuvily and oparatlng 
balow rafontnoit 

ft. Saliot tha proptr vaeton tor this cir- 
cuit* (I is to ba uiad aa a rafarattca.) 




a. 



130 0 





d. 



b. 



EC 




4* The circuit In question 3 Is acting: 



a. Capacltlvely and operating 



above resonance^ 

Inductively and operating 

above resonance* 



300 

4 



' St. 



Se 

IZ 



10. What II miant by the term BANDPASS? 




6* The circuit In quistlon 8 IB acting: 



a< Capacltlvely, and operating 



atrave resonance* 



mductlvelyi and operating ^ 



above reaonance* 



c* Capacltlvely* and operating 



below resonance* 

. d« Inductively, and operating 
below reeonance* 

7, What are the HALF POWER POINTS? 



6, What formula. Is used to determine the 
current at the HALF POWER POINTS? 



a, «637 times I msudmum* 

b* *707 times I maximum* 

c* 1*414 times I maximum* 

d« 1*S7 times I maximum* 



9* What is meant by the term BANDWIDTH? 



CONFIRM YOUR ANSWERS 



D* Turn to Latraratory Exercise 24-1* This 
exercise will famlUarlze you with the pro* 
cedure for determining the bandwidth^ band* 
pais» half power points* and resonant fre- 
quency of a series RCL circuit. Return and 
continue with this pr^ram upon completion 
of this exercise. 



Turn to Student Text Volume in and read 
paragraphs 5*44 through 5-47* Return to this 
page and answer the following questions* 
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1* Using the circuit above* till out the chart 
below* Indicate an increase, decrease* or 
remain the same for each value as 
frequency* resistance* capacitance* or 
Inductance Is Individually varied as Indicated; 

Increase f 
Decrease^ 
Remain the same ^ 





2 


1 


© 




PREQ 1 










RES f 










CAP ^ 





















CONFIRM YOUR ANSWERS 
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LABORATORY EXERCISE 24-1 

OBJECTIVE: Uiiiig an ammeter and for- 
mulae* (determine the ban(lwidtfa» bandpaeip 
halt power point, and reeonant frequency of a 
eeriei RCL circuit connected on a trainer, 

EQUIPMENT: 

1* AC Inductor and Capacitor Trainer 5067 

2. Multimeter ME-70A/MM-6 

3. Sine^Wave Generator 46S4 

4. Meter Panel 4566 

REFERENCES: 

1, Student Text Volume m» Chapter 5 

2, Student Handout, KEP 108 

CAUTION: OBSERVE BOTH PERSONNEL 
AND EQUIPMENT SAFETY RULES AT 
ALL TIMES, REMOVE WATCHES AND 

RINGS, 

PROCEDURES: 

1. Construct the circuit in the diagram. 




jrrrv 



. Rial 

^ 100 o 



2. Set the generator FREQ MULTIPLIER 
to 10 and the FREQUENCY (CPS) dial to 
midscale. 



3. Adjuit the fine wave output of the gene- 
rator to maxlmunii 

4* While observing the ammeter* alowly 
rotate the FREQUENCY dial to the position 
that produces the maximum current* This 
is the resonant frequency of the circuit. 

5. Record the resonant frequency on the 
chart ftt the bottom of this page* 

6. Reduce the sine wave output of the 
generator until the current meter reads 4 
mA* Plot this maximum current value on 
the fr line* 

7. Calculate ths current value at the half 
power point* jdA 

CONFIRM YOUR ANSWERS 

6. Increase the frequency in 50 Hz steps 
and plot the current at each frequency, 
until the current decreases to the half* 
power point value* 

0, Return the dial to the resonant frequency* 

10. Decrease the frequency in 50 Hz steps 
and plot the current at each frequency^ until 
the current reaches the half-*power point value. 

11* Find the bandpass from the chart* 

Bandpass = ^ 



12* Determine the t)andwidth from the chart* 
Bandwidth « 

CONFIRM YOUR ANSWERS 



i3 



— — 

-300 -250 -200 -150 -100 -50 Fr 50 
RESONANT FREQUENCY = 



m 150 200 250 300H7 
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MODULE SELF^CHECK 

QUESTIONS; 

1 . Series resonance occurs In an RCL cir- 
cuit when: 



a. the phase angle between Xc 



and R Is exactly DO*. 

b. • Xq. 

c. X|^ Is exactly five times as 



great as Xq. 



d, Xc Is exactly five Umes as 



great as x^^ 

2. At resonance in a series RCL circuit 

a. current is minimum. 

. b. Impedance is maximum. 
c. voltage across the coll is 



minimum. 



d. current Is maximum. 



3. Solve tor: 




2BH 



nEP4-1121 



4. At resonance angle theta equals 

0'. 

b, 45', 

c. W\ 



9. Solve for the resonant frequency when L 
is .3 mH and C 11 12 pF. 



8. If resonant Current is 10 mA» what Is 
the half power point current? 



a. 2.S mA 



b. 8 mA 



c* 7mA 



d. lOmA 



7, Solve for; 




R 



100 V 



jrrrv 

3 mH 



.3 up 



O n ri 



8. Rifirinci problim 7* A voltni«ttrpUtCid 
acroii both thi capacitor and tht coil ^Arhllt 
tti< circuit ii at r«ionanct would indicatt; 

a. 0 vQltfl* 

- b. 800 voltfl* 

— 1 c, lOOOvoltfl. 

d. 3000 voltfl. 

0, Identify thi curve rapresintlng currtnt 
below» at, and above r«ionance* 




— — a. Curve A 

b* Cturve B 

I c. Curve C 

d. Curve D 

10* U the frequency to a series resonant 
circuit is increased* what effect would tbere 
be on the following values? 

increase ( ^ } 
Decrease ( i ) 
Remain the same ) 

Z 

1 

6 



11, Using tht figure below, what is thii 
ff « ^ _ -1 

BP « 

HPP Current m 



m 140 160 130 200 Ht 

12* Tlw following vector diagram represents 
the current and voltage relationships in a 
series BCL circuit* The circuit is acting; 

^- a* capacltlvely and is above 
resonance* 

■ b* inductively and is above 

resonance* 

_ c* capacltlvely and is below 
resonance* 

d* Inductively and is below 

resonance* 



El 




CONFIRM YOUR ANSWERS ON THE LAST 
PAGE OF THIS TEXT* 
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ANSWERS TO A - ADJUNCT QUID! 

1. Tht friquincy whtri thi cftpacitiVi 
r«actanci (Xc) iquala tht inductivi rtact- 
anct (X^^)* 

2* b 
3, a 
4* b 
8* e 

6* c* 

7.Maxlnium. Thla is a vtry Important 
characteristic of resonance and an Im-* 
portant point to remember* 



8* 



9. 



10* 



increase frequency^ capacitance or 
Inductance* 

a* above resonance 
b* below resonance 
c* at resonance 



U you missed ANY questions^ review the 
material before you contlnua* 



ANSWERS TO B - ADJUNCT GUIDE 

1* l*S9kHz 

2, 705 Hz 

3. 31*8 MHz 
4* 26SHZ 

5* a* (1) Current (1) 
b* (3) Impedance (Z) 
c* (4) Inductive Reactance OLjJ 
d, (2) Capadtlve Reactance (Xc) 

U you missed ANY questions^ review the 
material before you continue* 



ANSWERS TO C • ADJUNCT GUIDE 

1* fr» 300 Hz 
Z = 5 kOhms 
I » SmA 
0* 



2, xi. 



3* d 
4* c 
S* c 
6* b 

7* The upper and lower points on the 
current response curve where ths current 
18 at 70*7% of the peak currrat. 

8* b 

0* Bandwidth Is the number of cycles 
between the lower half-power point and 
ths upper haU-*power point; l.e*» 




UHPP m 1*2 kHz 
LHPP « 800 Hz 
Bandwidth « 400 Hz 

(Bandwidth can also be determined by 
the followljv formula;) 

BV « f r/Q 

10* Bandpass Is the actual frequencies 
from the Lower Half- power point to the 
Upper Half- Power Point* Jn the example 
of number 9 above* bandpass Is SOO Hz 
to 1200 Hz* 

U you missed ANY questions* review the 
material before you continue* 
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ANSWERS TO E - ADJUNCT QUIDP 





Z 


1. 


0 










RES t 








CAP 1 








IND f 


t 







If you missed ANY questions, review 
the material before you continue. 



ANSWERS TO MODULE SELF-CHECK 

1. b 

2. d 

3. 300HZ 

4. a 

8. 2.68 MHZ 

6. c 

7. fr«5.3kH2 
Z - 10 

I > lOA 
e a 0* 

8. a 
d. d 

10. z , f , I ^ e ^ 

11. fr ' 160 HZ 
BW a 40 HZ 

BF» 140Hz to 180 HZ 
HPP Current = 70.7 mA 

12. b 



HAVE YOU ANSWERED ALL OF THE 
QUESTIONS CORRECTLY? IF NOT, REVIEW 
THE MATERIAL OR STUDY ANOTHER 
RESOURCE UNTIL YOU CAN ANSWER 
ALL QUESTIONS CORRECTLY. IF YOU 
HAVE, CONSULT YOUR INSTRUCTOR FOR 
FURTHER GUIDANCE. 



ANSWER TO LABORATORY EXERCISE: 

7. Use the formula Half Power Point 
Current = .707 x Imax* 2.8 mA 



If you missed the question, ask your 
instructor for assistance. 

11. BP = fio to f(ii, where fio = 
frequency at the tow half-power point 
and f^ = frequency at the high half- 
power point. 

12. BW . f(ii - fio 

Have your instructor checkyouranswers. 

If you missed ANY questions, ask 
your instructor for assistance. 



10 
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November 1978 



OVERVIEW 



1* SCOPE: This module is a continuation 
in your study of the parallel RCL circuit. 
U the frequency applied to a parallel RCL 
circuit is varied^ the inductive reactance 
can be made equal tothecapacittve reactance* 
When this occurs, we have resonance. This 
module discusses the conditions that exist 
when the parallel circuit is resonant* 
Resonant circuits are widely used in radio, 
radar, and telephone circuits* Practical 
training to determine bandwidth, bandpass, 
and resonant frequency completesthe module. 



2* OBJECTIVES: Upon completion of this 
module you should be able to satisfy the 
following objectives; 



a. Given the response curves of parallel 
RCL circuits, compare the magnitude of 
current flow at resonance and off resonance* 



b* Given a parallel RCL circuit and 
formulas, determine the effects on current, 
impedance, smd phase angle by individually 
varying: 

(1) Frequency. 

(2) Resistance. 

(3) Capacitance* 

(4) Inductance. 

c* Given component values of a parallel 
RCL circuit, calculate the resonant 
frequency* 

d* Using a parallel RCL circuit connected 
on a trainer, signal generator, and multim* 
eter, determine the bandwidth, bandpass, 
hall power points, and resonant frequency. 

LIST OF RESOURCES 

To satisfy the Objectives of this module 
you may choose, according to your training, 
experience, and preferences, any or all of 
the following. 



Supersedes KEP-GP-25, 1 May 1975, which may be used until stock is exhausted. 
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BEADING MATERIALS: 
Digest 

Adjunct Guide with Student Text HI 

AUDIO VISUALS: 

TVK30.264, ParaUel BCL Circuits 
(Resonance) 

LABORATORY EXERCISE: 
2S-1, ParaUel Resonance 



AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMILIAR WITH 
THIS SUBJECT, YOU MAY TAKE THE 
MODULE SELF-CHECK. IP NOT, SELECT 
ONE OF THE RESOURCES AND BEGIN 
STUDY. 



I* Solve iOT the reionant frequency. 
ir - 



1 




? = 


- c 




20 pF 




REP4-1151 



D 1- 
.05 uH 



2. Solve for the resonant frequency when 
L Is .6 mH and C Is 10 pF. 



3. In a parallel resonant circuit, what Is 
the phase relationship between and E|^7 



CONSULT YOUB INSTRUCTOR IF YOU 
NEED ASSISTANCE. 



ADJUNCT GUIDE 

INSTRUCTIONS: 

Study the referenced material as directed. 

Return to this guide and answer the 
questions. 

Confirm your answers at the back of this 
guidance package. 

li you experience any ditticuity, contact 
your instructor. 



4 What is the definition of parallel 
resonance? 



S. A parallel resonant circuit is operating 
below resonance. The applied frequency Is 
increased. What happens to line current? 



Begin the program. 



A, Turn to Student Text Volume m and 
read paragraphs 6-1 through 6*9. Return to 
this page and answer the foUowlng questions. 



30.9 



C. lu the I()llowingcircuit,lfXLi0lncreasod 
to 200 ohms, what hupp^nii to line current? 




CONFIRM YOUB ANSWERS. 



C. Turn to Student Text Volume III and read 
paragraphfl 6-28 through 6<-34. Return to 
this page and answer the following questions. 

1. Why is there minimum tine current in a 
parallel resonant circuit at resonance? 



2* If the line current is minimum at reso- 
nance, what can be deduced about impedance? 



B< Turn to Student Text Volume niand read 
paragraphs 6-10 through 6-24. Return to 
this page and answer the following questions* 

1. What factors cause the small energy loss 
duriiig the charging and discharging of the 
capacitor through the coll? 



3* How does line current and the impedance 
of a parallel resonant circuit compare to a 
series resonant circuit? 



CONFIRM YOUR ANSWERS* 



2< After the capacitor is fully discharged, 
the magnetic field built up around the coil 
will: 



3* What term is applied to a wave that 
diminishes in amplitude as it loses energy? 



CONFIRM YOUR ANSWERS, 



D* Turn to Student Text Volume in and read 
paragraphs 7-1 through 7-8. Return to this 
page and answer the following questions. 

1. At resonance, a parallelRCL circuit has: 

a* Maximum current in the line* 

b. Maximum impedance. 

c* The characteristics of an inductor, 

d. The characteristics of a capacitor* 

2* At resonance, a series RCL circuit has: 

a* Minimum current in the line. 

b* Minimum impedance* 

c* The characteristics of an inductor* 

d> Thp characteristics of a capacitor* 



2 
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3, When Irequanciai BELOW the reioiuuit 
frequency are applied^ a parallel BCL cir^ 
cult win act: 

a. Inductively. 

b. Capacltlvely. 

c. Baaletively. 

5. Draw a current response curve to show 
the condition of current belowa At» and 
above resonance (or a parallel BCL circuit 



6* Compare the action of a series BCL 
circuit and a parallel BCL circuit at a 
frequency below the point of resonance* 



SERIES BCL 

a. Acts capacitlvely 
b< Acts capacitlvely 

c. Acts inductively 

d. Acts inductively 



PARALLEL BCL 

Acts capacitlvely 
Acts inductively 
Acts capacitlvely 
Acta inductively 



CONFIRM YOUR ANSWERS. 



E. Turn to Student Text Volume m and 
read paragraphs 7-9 through 7-27. Return to 
this page and answer the following questions. 

1. The bandpass of a taiik circuit can be 
Increased by: 

a* Increase frequency* 

b* Decrease the Inductance* 

c* Increase the applied voltage* 

d. Increase the resistance In the tank. 



2. What is the current at the half pow<r 
polntif bandwidth, bandpass, and resonant 
frequency of the tank circuit representtd 
by this graph? 



10 mA 
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FREQUEKCY (kHz) 

REP4-HS6 



a. Hall power point . 

b. Bandwidth 

c. Bandpass 



d. Resonant freq[uency. 



3. With the circuit at resonance^ solve for: 



a. 1, 



b. It 



^Une = 
(. BW = 



d. Itank- 



h. Bandpass > , 




PEP4-11S? 



CONFIRM YOUH ANSWERS. 
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Turn to Laboratory ExercUe in 
which you will use a multimeter and a 
parallel BCL circuit to determine the 
rtjsonant frequency* bandnvldth, bandpass, 
and half power points. Return and continue 
with this program upon completion of the 
oxerclsOi 



4. If the applied frequency to a parallel 
resonant BCL circuit is increased, the total 
current will; 

a, Decrease and lag the applied voltage. 

b. Decrease and lead the applied voltage* 



Turn to Student Text Volume III and 
read paragraphs 8-1 through 8-28* Return 
to this page and answer the following 
questions* 



c. Increase and lag the applied voltage^ 

d. Increase and lead the applied vo4^age« 



1* tf a parallel BCL circuit is below 
resonance^ it can be brought into resonance 

by: 

a* Increasing B. 
b. Decreasing C* 
c* Increasing L* 
d. Decreasing f* 



5« Using the resonant circuit shown, fill in 
the chart to Indicate the effects of the 
parameter changes on the listed values. 





' ' 








~ c : 




100 Q 


2Sn 



[ L 
2Sq 



2. If the Inductor opens in a parallel 
resonant BCL circuit, total current will: 

a* Increase* 

b* Decrease* 

c* Bemaln the same* 

d< Unable to determine what current will 
do without circuit values* 

3* A parallel tank circiUt is operating atits 
upper half power point* Increasing capaci. 
tance will cause the circuit to act; 

a* More capacitlvely* 

b. Less capacitively* 

c* More inductively* 

d. Less inductively* 







K 


ic 


IL 


'line 


z 


• 


freq4 
















CAP j 
















INO \ 
















RES 4 
















Eo 1 

















CONFIRM YOUR ANSWERS, 



YOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK. 



LABORATORY EXERCISE 25-1 

OBJECTIVE: 

Using a multimeter, formulas, and a 
parallel RCL circuit, determine the resonant 
frequency, bandwidth, bandpass, and half 
power points. 



4 
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equipment: 

1. MulUmater, ME-TOA/PSM-d 

2* Slna Square Wave Generator, 4864 

3* AC Inductor and Capacitor Trainer* 8967 



REFERENCES: 

1. Student Handout, KEP-108 

2. Student Textt Volume lUt Chapters 6» 7» 
and 8 

caution: observe both personnel 

AND EQUIPMENT SAFETY RULES AT 
ALL TIMES. REMOVE WATCHES AND 
RINGS. 



PROCEDURES: 

1. Construct the circuit In this diagram* 



RT05 




REP4'1160 



2. Set PSM-6 on the 10 VAC range. 

3. Adjust the sine wave output of the 
generator to maximum. 

4. Set the generator FREQ MULTIPLIER 
to 10 and the FREQUENCY (Hz) dial to 
:tid3Cale. 

5. While observing the PSM-6, rotate the 
FREQUENCY dial until the voltage reading 
peaks* 

NOTE: This is the resonant frequency of 
the Circuit (fr)> 

6* Record fr- Hz 



7 * Reduce the signal generator output 
voltage to 6V. (THE CIRCUIT IS STILL 
AT RESONANCE.) 

8. U 6V is the maximum voltaget what is 
the voltage at the half power point? 

VAC 

CONFIRM YOUR ANSWERS. 



While observing the voltmeter, 
DECREASE the frequency of the signal gen- 
erator until the lower half power point is 
reached* 

10- Record this as the lower frequency half 
power point (fjo). 

'lo= 

11. Reset the signal generator to the 
resonant frequency. 

12. To find the upper frequency half power 
point, INCREASE the frequency until the 
voltmeter again reads the voltage calculated 
in step 8* 

13. Record this as the upper frequency half 
power point (fhi)* 

'hi^- Hz 

14* What is the bandpass and bandwidth of 
the Circuit? 

a* Bandpass is to Hz. 

b* Bandwidth is Hz. 



CONFIRM YOUR ANSWERS* 



CONSULT YOUR INSTRUCTOR FOR THE 
PROGRESS CHECK. 



YOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK. 
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MODULE SBLF-CHBCK 

1. What la thfi definition of parallel 
resonance? 



6. The circuit In problem 2 ie operating 
below rteonance. For fui increaee in the 
applied frequency (identify a« true or falie): 

a. The phage angle will decreaie. 

b. Xl will increase andXcwtUdecreaee. 



2. Solve for the rfisonant frequency. 



'r- 



c. Il will decrfiase andi^ will Increase. 



d. It will increase. 




424 pF 



3. A parallel bCL circuit is operating 
above resonance. Is the inductive or the 
capacitive current greater? 



7. Identify the curve representing une cur- 
rent below, at, and above resonance for a 
parallel circuit. 

a. Curve A 

b* Curve B 

c. Curve C 

d. Curve D 



4. A parallel BCL circuit is operating 
below resonance. If the applied frequency is 
decreased, what havens to line current? 




JiSP4'2l4C 



5. The circuit in problem 2 is (derating 
below resonance. Identlfytfae following state- 
ments as true or false. 

a. Ir leads It. 

b^ is larger than X|^. 

c. Il is smaller than i^. 

d. The circuit will act capacitLvely. 



8. A parallel tank circuit is operating at 
the upper half power point. Increasing in^ 
ductance will cause the circuit to act: 

a. More capacitLvely. 

b. Less capacitLvely. 

c. More Inductively. 



d. Less inductively. 
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9. Dstermina the bondwldtb, buu^aii» and 
resoimnt frequency from the graph. 

BW« 

BP - 

'r- 



100 150 2O0 2S0 300ltHt 



10* What Is the characteristic of line 
Impedance for a parallel RCL circuit at the 
resonant frequency? 

a. Minimum 

b* Maximum 

c. Cannot be determined 



3^^ 

11. If the capacitor opens in ^ parallel 
resonant RCL clrculti Une current wUl: 

a. Increase. 

b. Decrease. 

c. Remain the «ame. 

d. Cannot be determined. 

12. If the capacitor opens in a parallel 
resonant clrcultt the phase angle between 
line voltage and Une current: 

a. Remains the same. 

b« Increases. 

c. Decreases. 

di Cannot be determined. 

13* At resonance^ a parallel resonant circuit 
acts: 

a. Capacltively* 

b* Inductively* 

c* Reslstlvety, 

CONFIRM YOUR ANSWERS* 
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ANSWKBS TO A; 



ANSWERS TO D: 



1. 


m MHz 


1. 


b 


2. 


2 MHz 


2. 


b 


3. 


In phase 


3. 


a 


4. 


The point where Iq » 1l 


4. 


b 


5. 


It decreases until it reaches minimum 


5. 





at th6 point of resonance. 

6, It ivould Increase^ 

If you missed ANY of the questions, review 
the material before you continue. 

ANSWERS TO B; 

1. The DC resistance of the coil and the 
connecting iivlres 

2. The magnetic field around the coil vAll 
collapse. This causes the capacitor to be 
charged In the opposite direction, 

3p a dampened wave 

If you missed ANY of the questions, review 
the material belore you continue. 



CURRENT 




bELOw 
RESONANCE 



6, b 



ABOVE 
RESONANCE 



If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO E; 





1. 


d 




ANSWERS TO C: 










2. 


a. 


7mA 


1. At resonance, the tank circuit offers 




b. 


40 kHz 


maximum impedance to the generator. Tank 




c. 


40 kHz to 80 kHz 


circuit voltage is a little smaller than the 




d. 


60 kHz 


generator voltage, due to the small energy 








loss in the resistance of the tank circuit; 


3. 


a. 


.5 A 


therefore, a small current will flow In the 




b. 


.5 A 


line. 




c. 


250 ohms 






d. 


.5 A 


2. Impedance is maximum. 




e. 


.1 A 






f. 


63.6 Hz 


3. Oppusite. Parallel resonance, Iii^g is 




e- 


318 Hz 


minimum and Z is maximum. Series reso- 




b. 


286.2 Hz to 349.8 Hz 



naiice, Ixine i^ maximum and Z is minimunip 

If you missed ANY questions^ review the 
material before you continue. 



If you missed ANY Questions, review the 
material beloro you continue. 
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ANSWEnS TO O: 

1. c 

2. a 

4. d 
9. 







XL 


ic 




'line 


z 


6 


FREQ^ 


+ 


t 


t 




1 






CAP 1 


t 










* 


4 


IND ' 


— ^ 






T 


t 


1 




RES i 










1 


f 






Eo \ 








T 


J 


\ 







If you missed ANY questions, review the 
material before you continue* 

YOU MAY STUDY ANOTHER RESOUHCE 
OB TAKE THE MODULE SELF-CHECK, 



ANSWERS TO LAB EXERCISE: 

6, should be around 660 Hz* Verify with 
instructor* 

8* 4.242 VAC 

10, Verli^ with instructor, 

13, Verify with instructor, 

14, a, Bant^ass is fiQ to <hi- (For example, 
530 Hz to &40 Hz.) 

b. Bandwidth = 'hi - 'lo' (For example, 
100 Hz,) 

Have your instructor verify your answers. 

If you missed ANY questions^ review tiie 
material before you continue, 

CONSULT YOUR INSTRUCTOR FOB THE 
PROGRESS CHECK, 

YOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK, 



ANSWERS TO MODULE SELF-CHECK: 
1» That frequency where Iq * I^* 

2, 800 kHa 

3, CapACittve current 

4, Line current increases 

5, a. True 

b. True 

c. True 

d. False 

6, a. True 

b. True 

c. True 

d. False 

7, a 
6, a 

9, BW = 100 kHz 

BP « ISO kHz to 250 kHz 
f r = 200 kHz 

10, b 
11* a 

12, b 

13, c 



HAVE YOU ANSWERED ALL OF THE 
QUESTIONS CORRECTLY? IF NOT, 
REVIEW THE MATERIAL OR STUDY 
ANOTHER RESOURCE UNTIL YOU CAN 
ANSWER ALL QUESTIONS CORRECTLY. 
IF YOU HAVE, CONSULT YOUR IN- 
STRUCTOR FOR FURTHER GUIDANCE. 



er|c 
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OVERVIEW 

1. SCOPE: The function of many electronic 
circuits i9 to produce a variety of non- 
sinusoidal waveforms. These include square 
waves, sawtooth waves, trapezoidal waves, 
and peaked waves. These circuits depend 
upon the transient behavior of BC or BL 
circuits to changes in voltage or current. 
This module discusses this behavior. The 
time required for a circuit to respond to a 
change in voltage or current is expressed 
as a time constant. The time constant is 
determined Solely by the values of the 
components. You will determine circuit re- 
sponse by using a universal time constant 
chart. Practical training ifl provided on 
time constant circuits. 



2. OBJECTIVES: Upon completion of this 
module* you should be able to satisfy the 



following objectives: 



a. Given a DC series BC circuit* specified 
time, component values, and a Universal 
Time Constant chart* determine: 

(1) The percent of charge onacapacitor. 

(2) The percent of discharge of a 
capacitor. 

b. Given a DC seriesBL circuit, specified 
time, component values, and a Universal 
Time Constant chart* determine: 

(1) The percent of current buildup, 

(2) The percent of current decay. 

Given series BC and BL circuits with 
component values and formulas* compute 
the time constant for each. 

Given waveshapes of long* medium^ 
and short time constants of BC and BL 
circuits* identify Ect Ep, and E|^ with the 
correct waveform. 



Supersedes KEP-GP-26, 1 July 1974. All previous editions are obsolete. 
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e. Given a trainer containing eerlea RC 
or RL networks. OicUlOflcopf* specified 
square wave frequency and voltage^ Identify 
the output wave as either differentiated or 
Integrated* 

LIST OF HESOimCES 

To satisfy the oblecllves of this module 
you may choose^ according to your tralnlngt 
experience, and preferences, any or all of 
the following: 

READING MATERIALS; 

Digest 

Adjunct Guide with Student Text 

AUDIOVISUALS: 

TVK 30-851, RC Transients 

TVK 30-852. RL Transients and Wave 
Shaping 

LABORATORY EXERCISE: 
26-1. Time Constants 



SELECT ONE OF THE RESOURCES AND 
BEGIN YOUR STUDY OR TAKE THE 
MODULE SELF-CHECK* 

CONSULT YOUR INSTRUCTOR IF YOU 
REQUIRE ASSISTANCE* 



ADJUNCT GUIDE 

INSTRUCTIONS; 

Study the referencedmaterlalsasdlrected. 

Re^ irn to this guide and answer the 
questions. 

Check your answers against the answers 
at the back of this guidance package. 



If you experience any difficulty, contact 
your instructor. 



Begin the program* 



A, Turn to the Student Text, Volume in, 
and read paragraphs 9-^1 through 9-8< Return 
to this page and answer the following 
questions. 

I. tn the RC circuit shown^ what two factors 
govern the time required for the capacitor 
to become fully charged? 



CI- Sl2e of thereslstorandamplltudeof E;^* 

b. Size of the capacitor and amplitude 
of Ea. 

c. Size of the capacitor and size of the 
resistor* 

d. Transient rej^nse and size of the 
switch. 

2* What term Is used to describe the time 
it takes for a voltage or current to change 
from one steady state to another steady 



state? 



3, What term Is used to describe the 

product of RC? 

CONFIRM YOUR ANSWERS IN THE 
BACK OF THIS GUIDANCE PACKAGE* 



Turn to the Student Text* Volume m, 
and read paragraphs 9^9 through 9-19* 
Return to this page and answer the following 
questions* 

I. In one time constant a capacitor will 



charge to 
voltage. 



percent of the applied 
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2. How many time Constants are needed for 
a capacitor to become tully charged? 

a. Two 

Three 

c. Four 

d. Five 

3. What factor determines the rate of charge 
tn an BC circuit? 

a. The resistor 

b. The applied voltage 

c. The capacitor 

4. How many time constants are needed for 
a capacitor to lose 88 percent of its original 
charge? 

a* Two 

b. Three 

c. Four 

d. Five 

5. At the end of two time constants* the 
capacitor in an BC circuit has discharged 

percent The charge remaining on the 

capacitor is percent of the initial 



charge. 




a. 86.3 


13.7 


b. 13.7 


86.3 


c. 86.3 


86.3 


d. 13.7 


13.7 



6. After 1*5 time constants* the voltage 
across the resistor in an BC circuit has 

decreased by percent. 



a. 22,} 

b, 77,8 

c. 2S 

d, 7S 



7. Using the Universal Time Constant 
Chart determine the percent of on the 
capacitor at the end of the following time 
Constants. 

On Charge On Discharge 

a. .3 TC 

b. .9X0 

c. 1.2 TC 

d. 2.4 TC 

e. 3 TC 



8. Using the Universal Time Constant Chart 
determine the number of time constants 
when the following percentages of the applied 
voltage are across the resistor during ca- 



pacitor charge* 

a. 90 percent TC 

b. 50 percent TC 

c. 30 percent TC 

d. 5 percent TC 

e. 2 percent TC 



CONFIRM YOUR ANSWERS IN THE 
BACK OF THIS GUIDANCE PACKAGE. 



C. Turn to the Student Textt Volume HI, 
and read paragraphs 9^20 through 9-33. 
Return to this page and answer the following 
questions. 



L Find the vdltage across the capacitor 
and the resistor 10»000 microseconds after 
the switch ia placed In position A. 



Eft 



A 

B 9 



40V 



R 

.100 kg 



REP4*1196 

2. Reference the circuit in question one. 
If the capacitor was fully chargedt what is 
the voltage across the resistor, and the 
current in the circuitt 15^000 microseconds 
after the switch is placed in position B. 



r 



V 60V 



6. If C charges to 1.425 volts 229S micro- 
seconds after the switch is closedt what is 
the value of C7 



r 



100 k Q 



U5V 



3. Reference the circuit In question one. 
What is the number of Ume constants re- 
quired for Eq to reach 18 vdlts after the 
switch is placed in position A? 



#TC 



4. A capacitor in an RC circuit is charged 
to 100 volts and then starts to discharge. 
At the end at three time constants what is 
the voltage across the capacitor and what is 
the voltage across the resistor? 



Ec 
Er 



5. If C charges to 46.5 volts 570 micro- 
seconds after the switch is closed* R must 
be what value? 

R = 



7. Eighty microseconds after the switch 
is closedt the current in the following cir- 
cuit will be what value? 



1 = 



I 



c 

M4 



TOO kg 



REP4^200 

8* In the following circuit C has been 
charged to 30 volts with the switch in posi* 
tlon A. Eighty microseconds after the switch 
is thrown to position B, Eq will be what 
value? What will the circuit current be? 



Ec - 
1 = 



ERLC 
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A B 
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CONFIRM YOUB ANSWERS IN THE 
BACK OF THIS GUIDANCE PACKAGE* 

D. Turn to the Student Text, Volume m, 
and read paragraphs 0-34 through 0-49. 
Return to this page and answer the following 
questions* 

1, In an RL circuit, what two factors 
control the transient response d the circuit? 

a. Inductance and voltage 

b« Resistance and current 

c* Voltage and current 

d. Resistance and inductance 

2* In an RL circuit, what is the relationship 
between time and inductance? 

a. Directly proportional 

b. Inversely proportional 

3, On the Universal Time Constant Chart 
lor LR circuits, curve A shows vAiSkX two 
things on buildup? 

a. Ep and Ej^ 

b. El I 

c. Ep and I 

4, Alter 1*6 time constants, inductor cur- 
rent would have built up to percent of 

Its final value* 

a* 20 
b* 30 



32 

c. 70 

d, 80 



S* After three time constants, inductor 

current would have decayedby,„.,_^ percent* 
What percent of the initial current would 

still be flowing? ^^^^^^^ percent 



a. 


S 


OS 


b. 


25 


78 


c. 


78 


25 


d. 


OS 


S 



CONFIRM YOUR ANSWERS IN THE 
BACK OF THIS GUIDANCE PACKAGE, 



E* Turn to the Student Text, Volume m, 
and read paragraphs 0-46 through 9-S3. 
Return to this page and answer the fcUowing 
questions. 



1. Find the percent of current buildup and 
the voltage across the coil after the switch 
has bsen closed for 4000 microseconds. 

percent of I = 

El = 

I o'--o 1 

_Lioov 

10 k OS 



R£P4-1303 

2. Using the circuit in problem one, solve 
for tfie current flow at tfie end ot 2000 
microseconds. 

I » 



4 
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3. Solve tor the voltage acrotfi the coil» 
and the circuit current 1400 mlcroteconcU 
alter the switch la closed. 



a. 23 percent 

b. 40 percent 



El - 

I - 



40V 



'H£P4'1303 




4. What will the current be 0.084 micro- 
second after the switch is closed? 



1 ^ 



r 

T 25V 




REP4^1304 



5. Solve for current flow 200 microseconds 
after the switch Is closed. 



1 




c. 81 percent 

d. 77 percent 




REP4*1309 

7. ^ microseconds after the switch Is 
closed the voltage across each resistor Is 
28 volts. Solve for the value of L. 



R1 

2Uq 



I. 



R2 

2 ka' 



FEP4-1307 

8. The voltage across R Is 36 volts 200 
microseconds after the switch is closed. 
What Is the value of R7 

R= 



R 



V 




REP4'1305 
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The switch Is placed into position A 
until a field Is completely built tq) around 
the coll, then placed In position B. The 
voltage across theresistorSOpmicroseconds 
after the switch is placed in position B will 
decrease by what percent? 



The switch is placed Into position A 
until a field is coinpletely built up around 
the coil then placed in position B. What is 
the voltage across the resistor 600 micro* 
seconds after the switch Is placed in position 
B? 



S 
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Eb 



A 

-Q--0- 
BQ 



M5V 



R 



L 

10 H 
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CONFmM YOUH ANSWERS IN THE 
BACK OF THIS OUIDANCE PACKAGE, 



2. The time ot one Alter nation of an unknown 
lymmetrlcal i^uare wave la 40 micro- 
secondi. What le the frequency? 



3. What determines whether atimeconetant 
Is long, medium^ or short? 



F. Turn to the Student Text, Volume m, 
and read paragraphs 9-54 through 9-69. 
Return to this page and answer the following 
questions* 



1* The output frequency of a symmetrical 
square wave generator Is 5000 Hz. What Is 
the ^ime of one alternation? 



4. Identify the following waveforms for the 
resistor voltage and capacitor voltage in an 
BC circuit, Also specify whether It Isalong, 
medium, or short time constant. 



time constant 



lOOV 



OV 



INPUT 



WAVE A 



WAVE B 



ERJC 



325 



100 V 



ov 



INF-UT 



V«AVb B. 



5, Identify the waveforms shown above for 
the resistor voltage and capacitor voltage 
In an RC circuit. Also identify whether It 
Is a long, medium, or short time constant. 



time constant 



6. Identify the following waveforms for the 
resistor voltage and capacitor voltage In an 
RC circuit. Also Identify whether it is a 
long, medium, or short time constant. 

time constant 



100V 



ov 



INF-UT 




V^AVt A. 



V^AVt B. 



ERIC 
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^2.7 



lOOV 



OV 



INPUT 




MAVE A 




MAVE B. 



7, Identify the waveforms shown ^bove lor 
the resistor voltage and the inductor voltage 
In an RL circuit. Also identify whether It 
is a long, medium, or short tima constant. 



8, Identify the <olloving waveforms lor the 
resistor voltage and Inductdr voltage in an 
RL circuit. Also Identify whether it Is a 
long, medium, or short time constant. 



time constant 



time constant 



lOOV 



Ov 



INPUT 



WAVE A 



WAVE B 



REP4'X2X0 
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100 V 



ov 



22^ 



INF^UT 



MAV£ 
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0* Identify the waTetorms shown at>ove for 
the resistor voltage wd the inductor vcfltage 
In an RL circuit* Also identify ivbether it is 
a long, medium, or short time constant* 

time constant 



3* Define an integrating circuit* 



CONFIRM YOUR ANSWERS IN THE 
BACK OF THIS GUIDAKCE PACKAGE* 



G* Turn to the Student Text, Volume m, 
and read paragraphs 9*70 through 0-02* 
Return to this page and answer the following 
questions* 

1* Define a differentiation circuit* 



4* What portion of an RC or RL circuit is 
used to obtain an Integrated ou^t? Also, 
indicate what type time constant is used* 



2* What portion of an RC or jtV circuit is 
used to obtain a differentiated output? Also* 
Indicate what type of time constant is used. 
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confirm your answers in the 
Back of this guidance package, 

H. Turn to Laboratory Exerclie 20*1 In 
which you will use the 9cop< to Identlly 
output waveforin5 of an RC or RL circuit 
as either integrated or dUferentiated. 

YOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF-CHECK, 

LABORATORY EXERCISE 20-1 

OBJECTIVES; 

I. Given a circuit diagram, a trainer, and 
an input square wave of aspectfledfrequency 
and amplitudet connect the circuit on the 
trainer. 

2. Given an oscilloscope, identify the out- 
put waveform of an RC or an RL circuit as 
either integrated or differentiated. 

EQUIPMENT: 

1. Oscilloscope, AN/USM-3D8 

2. AC Inductor and Capacitor Trainer, 5217 

3. Sine Square Wave Generator, 4864 

REFERENCES: 

1* Student Handout, KEP-108 

2. Student Text, Volume tU, Chapter 9 

CAUTION; OBSERVE BOTH PERSONNEL 
AND EQUIPMENT SAFETY RULES AT 
ALL TIMES. REMOVE WATCHES AND 
RINGS. 



PROCEDURES: 

USM-39fi 

Intensity 

CHI 

CH2 

V/CM 

AC-GND-DC 
Sep-CHl & CH2 
AC-ACF-DC 
CHOP-ALT 
Hor Pes 
Time/CM 
Trig Select 
Level 



Turn ON 
Fully CCW 
Mid 
OFF 
5 

AC 

Sep 

AC 

ALT 

Mid 

.2 m3 

CHU 

AUTO 



1. Connect this circuit. 





R103 



REP4'2€01 

2. Display on the oscilloscope three cycles 
of the generator voltage. Keep the amplitude 
at 2 cm (CHI to point A and ground to 
point C), 



3' Draw this square wave input to the 
circuit. Let TO to T2 be the Ume for one 
cycle. 



TO Tl T2 T3 T4 T5 T6 



INPUT 



REP4'X215 

4. Display the voltage waveform across 
BIOS and draw T^igz (CHI to point B and 
ground to point C). Adjust amplitude to 
2 cm. 



5^ This waveform is: 

a. Integrated* 

b. DUferentlated. 

TO Tl T2 T3 T^ T5 T6 



^Rt03 



REP4-X216 

6. Construct this circuit and display the 
capacitor waveform on the sccqpe. Draw 
the waveform for ClOl (CHI to point B 
and ground to point C)* Adjust amplitude 
to 2 cm. 




lOOOHt , 
lOV 
P-P 




RSP4'^2602 



7. This wsiveform Is: 
fl' Differentiated, 
b. Integrated. 



TO T1 T2 T3 14 TS T6 



REP4*1717 



8. Replace ClOl with coll LlOl. 




X 




LtOT 
100 mH 



9. Display E|^ioi on the scope. Set atnplU 
tude to 2 Cm and draw the waveform E|^iqi 
(Cfil to point B and ground to point C). 



CONFIRM YOUR ANSWERS IN THE 
BACK OF THIS OUIOANCE PACKAGE. 

CONSULT YOUR INSTRUCTOR FOR THE 
PROQRESS CHECK. 

YOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF*CHECK. 



MODULE SELF-CHECK 

1' Solve fbr percent of charge* ECf Sr» 
and I» 25 microseconds after the switch is 
closed. 



percent of charge ^ 



Er 

1* 



r 
T 




2. Solve for percent of charge* Ec» Ep, 
and I, 1200 microseconds after switch Is 
closed to point A. 



percent of charge = 



10. This waveform Is: 

a. Differentiated. 

b. Integrated. 



TO Tl T2 T3 T4 TS T6 



REP4'1213 



I = 



r 
1 




REP4-1321 



U 
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3. Uilng; tha circuit in problem 2, tb» 
capacitor has charged to 180 volte. What le 
percent of dlacharge, percent of charge 
remaining, Ec» mlcrOieconds 
after the switch le placed in poiiuon B? 



percent of discbarge 
percent remaining « 

Ec * 

* 

I « 



4. Solve for percent of current buildup, 
Eh* and I, 200 microseconds after the 
iwltch la closed. 



percent of buildup 
El= 



— sov 



1 




5. The switch is placed in position A until 
the field Is completely built \sp. Solve for 
percent of current decay and current, 1200 
microseconds alter the switch is placed in 
position B. 

percent of decay =* 



6* Solve for Ej^, Z^, and h 400 micro* 
seconds after the svrltch le closed* 



I 




REP4^1774 



7. Identify the following circuit as having 
a long, medium, or short time constant* 
Label the waveforms as Ej^ or Eq. 



time constant 



WAVEFORM A 



WAVEFORM B 



current 



r 



lOOV 




RSP4'1723 



lOmi 



UF 
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8. Identify the circuit ihowntMlowu having 
a long, medlunit or abort tlma conatant. 
LidMl El uid Er- 



time constant 




S. IdentUy tbe lotlowtng circuit a« having 
a long* medium^ or ihort time constant. 
Label the wavelormi aa or Ep. 

time constant 




REP4'1227 

CONFIRH YOUR ANSWERS IN THE 
BACK OF THIS GUIDANCE PACKAGE. 
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ANSWERS TO A: 
1. c 

2< Transient Interval 

3, A time constant 

If you missed A^^Y questions^ review the 
material before you continue. 



ANSWERS TO B: 
1< 63 percent 

2, d 

3, b 

4, c 
a 

6. 10 

7. a, 27 percent, 73 percent 
Id. 60 percent, 40 percent 

c. 70 percent, 30 percent 

d. 91 percent, 9 percent 

e. 95 percent, S percent 

8. a, 0,1 TC 
b- 0,7 TC 
c, 1,2 TC 
a- 3 TC 
e, 4 TC 

If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO C; 

1, Ec = 34,52V 
Eb = 5,48V 

2, Ep = 2 volts, I = 20 mlcroamps 

3, #TC =0.6 TC 

4, Ec = 5V. Eb = 5V 



U 



S, R - 3800 ohms 

e. C - 7680 picofarads 

7. I - 1,6 mA 

8. Ec - 20.1V, I >i 1 niA 

If you missed ANY answers* review the 
referenced material before you continue^ 

ANSWERS TO D: 
L d 

2, a 

3, c 

4, d 

5, d 

If you missed ANY answers, review the 
referenced material before you continue, 

ANSWERS TO E: 

1, percent of I = 86 percent 
El = 14 volts 

2, I = 6,3 mA 

3, E^ = 20 volts 
1 = 1 mA 

4, 0.225 mA 

5, I « 6,3 mA 

6, d 

7, L = 30 mH 

8, R = 900 ohms 

9, Eb = 46 volts 

If you missed ANY questions, review the 
referenced material before you continue* 



ANSWEBS TO F: 

1 . 100 microSecondJS 

2. kHz 

3. The time allowed or the time to which 
the time constant is being compared. 

4. Long time constant; wave A ^ E^; 
wave B 3 Ep 

5. Medium time constant; wave A = Eq; 
wave B 3 Ep 

6. Short time constant; wave A = Ep; 
wave B = E(; 

* 

7. Short time constant; wave A - E|^; 
wave B = Ep 

8- Long time constant; wave A = Ep; 
wave B - Ej^ 

9. Medium time constant; wave A = Ep; 
wave B = E^ 

If you missed ANY questions, review the 
referenced material before you continue. 



ANSWEBS TO G: 

1. Differentiating circuits produce an out- 
put voltage proportional to the rate of change 
of the input. 

2- A short time constant Is used and the 
output is taken across the resistor in an BC 
circuit or the Inductor in an RL circuit 

3. An Integrating circuit produces anout* 
put voltage that is proportional to the area 
under the input waveform. 

4. A long time constant is used and the 
output is taken across the capacitor in an 
BC circuit and across the resistor in an 
BL circuit. 

If you missed ANY questions, review the 
referenced material before you continue. 



ANSWEBS TO LAB EXEBCISE: 



S. b 



7. b 



10. a 



If you missed ANY questions, review the 
reference material before you continue. 



ANSWEBS TO MODULE SELF-CHECK; 



1. percent of charge « 40 percent 
E^, = 200V 
Ep = 300V 
I ^ 6 mA 



2- percent of charge ^ 9S percent 

Ec = niv 

Eft «9V 
I = 0.4S mA 

3. percent of discharge = 86 percent 
percent remaining = 14 percetff 
Ec = 2S.2V 
Ep = 2S.2V 
I = 1.26 mA 



4* percent of I buildup * 86 percent 
El 

Eft - 43V 
I = 0.43A 



S- percent of I decay = 25 percent 
1 = 3 mA 



6. E^ = 28V 
Eft = 172 V 
1 = 8.6 mA 

7. Long time constant 
E^;; waveform A 
Ep waveform B 



IS 
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Short Um« eonitant 
E[j wavafornf A 
E|_^ waveform B 

Medium time constant 

waveform A 
Er waveform B 



have you answered all of the 
Questions correctly? if not, 
review the material or study 
another resource until you can 
answer all questions correctly, 
if you have, consult your in- 
structor for further guidance. 



16 



335 



ATC GP 3AQR3X 020-X 
prepared by Keesler TTC 
KEP-GP-27 



Technical Training 



ELECTRONIC PRINCIPLES (MODULAR SELF-PACED) 

MODULE 27 
FILTERS 



April 1976 




AIR TRAINING COMMAND 



7-1 



ATC K*e«ler 



Dtsigntd For ATC CourM Um 

00 HOT USt OH THE J0% 

336 



Electronic Principle tRC ATC OP 3AQR3XO20'»X ^ 

Keesler Air Force Bue« Ml««l««lppl 

April 1976 

ELECTRONIC PRINCIPLES (MODULAR SELF-PACED) 
MODULE 27 
FILTERS 

This Guidance Package is deelgned to guide you through thle module ot the Electronic 
Principles Course* It contains specific lnfonnatioii» including references toother resources 
you may study* enabling you to satisfy the learning oblectlves* 

CONTENTS 

PAOE 



Overview 1 

List of Resources 1 

Adjunct Guide 1 

Module Self-Check 9 



OVERVIEW 

1* SCOPE: This module discusses filters* 
Filters use reactive components that pass 
or reject certain frequencies* Series and 
parallel circuits as well as RC and RL 
circuits are used as filters* This module 
discusses low*pa3Sthigh*pasStbandpasStand 
band reject filters* Filter circuits are used 
in radio receivers and transmitters» radar 
circuits, and navigation equipment, 

2, OBJECTIVES: Upon Completion of this 
module you should be able to satisfy the fol- 
lowing objectives: 

a. From a Ust of statements concerning 
fllterst select the one that explains the low- 
pass filtering action of a: 

(1) T-section* 

(2) Pi-sectlon* 



b. From a list of statements concerning 
filters^ select the one that explains high- 
pass filtering action of a: 

(1) T-sectloQ* 

(2) Pi-aectlon* 

c* From a list of statements concerning 
filterst select the one that explains the 
bandpass filtering action of a: 

(1) parallel resonant circuit* 

(2) series-parallel circuit* 

(3) series resonant circuit* 

d* From a list of statements concerning 
filterst select the one that explains the 
band-reject filtering action of a: 

(1) parallel resonant circuit* 

(2) series-parallel circuit* 

(3) series resonant circuit* 



Supersedes K£P-GI^27t 1 August lS75t which maybe used* 
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LIST OF RESOUBCBS 



1. Dtflntnitar: 



To satisfy thfi obiectlvti of thli modulet 
you may choost* according to your training, 
experlenCQt and preferences, any or aU of 
tha following: 



BEADINQ MATERIALS: * 

Digest 

Adjunct Oulde With Student Text 

2, What Impedance does a capacitor present 

AUDIO- VISUALS: to high frequencies? Low frequencies? 

Television Lesson, Filters (A)> TVK 30-305 — ^ 

Television Lesson» Filters (B)>TVK3O-306 



At this polntt If you feel that through 
previous experience or training you are 
familiar with this subjectt you may take 
the Module SeU-Cbeck» If iiot» select one 
of the resources and begin study. 

CONSULT YOUR INSTRUCTOR IF YOU 
REQUIRE ASSISTANCE. 



3. What Impedances does an Inductor present 
to high frequencies? Low frequencies? 



ADJUNCT GUIDE 

INSTRUCTIONS: 

Study the referencedmaterials as directed. 

Return to this guide and answer the 
questions. 

Confirm your answers at the back of this 
Guidance Package. 

If you experience any dlfflcultyt contact 
your Instructor. 

Begin the program. 



A. Turn to Student Text Volume Ulandread 
paragraphs 10-1 through 10-9. Return to 
this page and answer the following 
questions. 



4» Identify the following circuits as being a 
High Pass Filter, Low Pass ,Fllter, Band 
Pass Filter^ or Band Reject Filter. 

3. ■ 

o — )\ r o 

I 1 1 
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4. b. 



0 — onrTL 

I 



T 



I 



2* Draw a circuit diagram* uiing coiLs and 
capacitori* for a pi-typt low-paii flltar* 



c, 




I 



1 



CONFIRM YOUR ANSWERS 



B* Turn to Student TMt Volume m and 
read paragraphs 10-10 throug[ilO-22*Return 
to this page and answer tbe Ibllowliig 
questions. 

1* *jmich ofthefbllowliiglsalow-passfilter? 

^ a. T section with series C and ahunt L* 

, b* T section withshuntC and series L* 
, c* L section witbseriesC and shunt L. 
« . d. L section withsbuntLands«riesR* 



3* T and Pi-sectlon low^pass filters use 
which of the fbllowing; 



a* Series capacitors and shunt coils* 

b* Series coils and shunt capacitors, 

c* Series resistors and shunt coils* 

d. Series capacitors and shunt 



resistors. 

CONFIRM YOUR ANS^YERS 



C* Turn to Student Text Volume m and 
read paragraphs 10-23 throughlO-29*Return 
to this page and answer the fbllowlng 
questions. 

1* Draw a circuit diagram, using coils and 
capacitors, fbr a T-section high-pass filter* 
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2. T and Pl-Bection tilgti-pUB mtwB \mt 
which of the fbllowlngt 



a* Series inductore and ehunt 



capacitora > 



b. Series reeletors and ehunt 



capacitore. 

c. Series capacltore and shunt colls. 

d. Series Inductors and shunt 



resistors* 

3. Draw a frequency response curve far a 
pi^section high-pass filter* (Show cutoff 
frequency*) 



D. Turn ^ Student Text Volume in and re 
paragraphs 10-30 through 10*38. Return to 
this page and answer the fallowing 
questions* 

1. At resonance* is the circuit impedance 
maximum or minimum fbr a aeries resonant 
circuit? 



2* At resonance* is the circuit impedance 
maximum or minimum for a parallel resonant 
circuit? 



3* Draw a frequency raponse curve for a 
bandpass filter* (3how cutoff frequencies*) 



4* Which of the following Is a high-pass 
filter? 



a* T section with series Land shunt 



T section with abunt Landserles 



4* WMch of the following describes an 
L-sectloa bandpass filter? 



a* Series resonant circuit inserles 

with the output and a parallel resonant circuit 
in shunt with the output* 



c* L section with series L and shunt 



d* L section with series Rand shunt 



CONFIRM YOUR ANSWERS 



b* Parallel resonant circuit in series 
with the output and a series resonant cir- 
cuit In shunt with the output. 



c. Parallel resonantcircultlaserles 
and parallel with the output. 

d. Series resonant circuit Inserles 



and parallel with the output. 
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i. An L-section reionant filter la uied to 
pZBB a range of freqtiencieB from 20 kHx 
to 30 kHz with a reeonant frequency of 
25 kHz. To what frequency ie the eeriee 
resonant circuit tuned and to what frequency 
19 the parallel resonant tank tuned? 



2. *Vhlch of the following describes an L- 
section band-reject filter? 



■ a. Seriee resonant circuit In series 
with the output and a parallel resonant cir- 
cuit in shunt with the output < 



a. Series resonant circuit 



b. Parallel resonant circuit 



~m bt Parallel resonant Circuit in series 
with the output and a series resonant circuit 
in shunt with the output. 



Ct Parallel resonant circuit in series 



and parallel with the output. 



6, Waat is the main advantage of the T 
and pi-type remnant filters over the L 
section resonant filter? 



d. Series resonant circuit in series 

and parallel with the output, 

3, What purpose does the parallel resonant 
tank serve in the Pl-type band-reject filter? 



CONHRM YOUR ANSWERS. 



E. Turn to Student Text Volume m and 
read paragraphs 10^36 through 10^3QtReturn 
to this page and answer the following 

questions: 

1. Draw the frequency response curve for a 
band-reject filter^ (Show cutoff frequencies.) 



4t Recalling the characteristics of resonant 
circuits, what factor would govern the band- 
width of any type bandpass or band-reiect 
filter? 



COt^FIRM YOUR ANSWERS 



MOOUUE SELF-CHECK 

QuAstlons; 

1, Identify the filter atiowii, 
I a, T-aectJon low* pass 
. . b. T-stctlon higtv-pa4S 

■ c. Pl-section low*pa«a 

■ d, Pl*8ectJon high*pas8 

Q nrm ^ mm ^ 



3* Identify the filter ihown* 

a* T'sectlon low^pa^a 
b, T-aectlon tugh-paas 
— c. Pl«8ectJon low-paaa 

— ^ d, Pl-aectlon tugh-^pass 



2* Identify the filter shown. 

a. T-scctlon band-reject 

b* T*sectlon bandpass 

c. Pl-sectlon band-reject 

■ d. Pl-sectJon bandpass 



4. Identify the filter shown. 

a. T-sectlon low-pass 

b. T-section high-pass 

, c. Pi-section low-pass 

d. Pi-section high-pass 

0 1 »|- 
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9. IdtentUy th« tiVf^r show:!. 

■ — » a. T^^section band^relect 

. b. T-«iCtton bandpfiUlf 

c. pi-sectton bftAd-r«)ect 
, d. K-aecUon bandpass 

o rrm — 1[ mnr>__o 



7. tViilch of the foUowing are true (T) or 
false (F)7 

— - m a. A T^sfctionlow-paesftUercanbe 
made into a hlgb-*pasi filter by reversing the 
input and output connections. 



b. High-pass filters have capacitors 



in series with the output while low- pass filters 
have capacitors in parallel with the output. 



c. High pass filters have inductors 



in parallel with the output while low-pass 
filters have inductors in series with the 
output. 



6. Identify the filter shown. 

■ a. T-section low-pass 

. b. T-section high-pass 

c* Pi-section low-pass 

d. Pi-section high-pass 



, d. A Pi-section baml-relect filter 
has a series resonant circuit in series 
with the output and two parallel resonant 
circuits in parallel with the output* 



, e. A T-sectlon bandpass filter has 

two series resonant circuits in series with 
the output and a parallel resonant circuit 
in parallel with the output* 



CONFIRM YOUR ANSWERS 



ERIC 
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ANSWERS TO A ADJUNCT GUIDE 

1. A tllter li a number of Impaduicii 
grouped togither which artdeilgntd 
to pMi a certain range of frequendei 
and to block anottier range of fre* 
quenclei* 

2. A capacitor present! very little 
oppoeltlon to high frequenclei (a 
short) and a great deal of opposi- 
tion to low frequencies (an open)* 

3* A coll or inductor presents a great 
deal of opposltlonto high frequencies 
(an open) and very little opposltioa 
to low frequencies (a short), 

4. a, Blgh pass tllter 

b. Low pass filter 

c* Bandpass Alter 

d* Band reject filter 



If you missed ANY questions* review the 
material before you continue* 



ANSWERS 


TO B - ADJUNCT GUIDE 


1* b 
















0 


O ' 
















0 


O 1 






3* B 






If you missed ANY questions* review 


the material before you continue* 



ANSWBRS TO C - ADJUNCT OUIDB 



I. 



2. e 
3. 




4. b 

If you missed ANY questlonSt review the 
material before you continue. 



ANSWERS TO D - ADJUNCT GUIDE 

1. Mloitnum 

2. Maximum 





'el 



4. a 



S. Series resonant circuit 25 kHz 
Parallel resonant circuit 25 kHz 
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6« T and pi types otUr equftl imptd* 
mce wh«n looking Into the (llttr 
trom Input or output ttrmlnaLs. 
(Symmetrical tlltt r) 

II you misaed ANY qufitloni» review the 
material before you continue^ 



ANSWERS TO E * ADJUNCT OUIDE 



I* 





2, b 



3. Offers maximum opposition to the 
resonant frequency. 

4. The Q of the circuit. 

II you missed ANY questions* review 
the material t>efore you continue. 



ANSWERS TO MODULE SELP-CHECK: 



1. 


a 


2. 


c 


3. 


b 


4. 


d 


S. 


b 


6. 


c 


7a. 


F 


b. 


T 


c. 


T 


d. 


F 


e. 


T 



have you answered all of the 
Questions cobbectlt? if not, review 
the m.\tebial ob study anotheb 

BESOURCE until you CAN ANSWEB 

ALL Questions cobbectly. if you 

HAVE, CONSULT YOUR mSTROCTOB 
FOB FURTHER GXHOANCE. 
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ELECTRONIC PRINCIFLES (MODULAR SELF- PACED) 
MODULE 2fi 
COUPLING 

This Guidance Package is designed, to guide you through this module of the Electronic 
Principles Course » It contains specific informationt including references toother resources 
you may study» enttbling you to satisfy the learning objectives* 



CONTENTS 



Title 

Ovsrvlew 
Ust of Resources 
Adjunct Guide 
Module Self-Check 



Page 

i 
i 
1 
2 



COUPLING 

1- SCOPE: In electronic circuits it is 
necessary to pass signals from one circuit 
to another* To pass a signal^ the two cir* 
cults must b« coupled togethsr* Coupling 
may be direct^ inductlTe^ or capacitive* 
This module vAU discuss direct coupling^ 
RC coupling^ LC couplingt and transformer 
coupling. 

2, OBJECTIVES: Upon completion of this 
module you should be abl« to satisfy the 
following objectives: 

a. Given circuit diagrams and a list of 
statements! select the statement(s) that ex- 
plain(s) the operation of 

(1) direct coupling* 

(2) RC coupling* 

(3) LC coupling* 

(4) transformer coupling* 

b* From a list of statements^ selectths 
one(8) that describe(s) the types of coupling 
that will provide 



(1) Impedance matching^ 

(2) desired frequency response* 

(3) signal gain* 



UST OF RESOURCES 

To satisfy the objectives of this module^ 
you may choose » according to your traintngt 
experience^ and preferencest any or all of 
the following: 

READING MATERULS: 

Digest 

Adjunct Guide with Student Text 

At this poiott If you feel that througti 
previous experience or training you ar« 
fiuniliar with this subject^ you may take tlie 
Module Self'-CtMck* If not^ sslect one of the 
resources and begin stuity. 



CONSULT YOUR INSTRUCTOR 
REQUIRE ASSISTANCE. 



IF TOU 



Supersedes KEP-GP-26t 1 July 1974. Previous editions may be used* 
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ADJUNCT OUIOE 

INSTRUCTIONS: 

Study the raferenced materials aa directed. 

Return to thla guide and answer the 
questions. 

Check your answers against tbs answers 
In the back of this guide. 

If you experience any dUtnculty» contact 
your Instructor. 

Bsgln the program. 



A. Turn to Student Text Volume m and 
read paragraphs 11-1 through 11-8. Return 
to this page and answer the following 
questions. 



1. Coupling is defined as a means by which 

a. voltage measurements of one dr* 
cult are rampared to another circuit. 

b. signals are transferred from one 

circuit to another. 

. c. signals are attenuated or ell* 

minated from the output circuit. 

- d. reactances are transferred from 
one circuit to another circuit. 



2. Direct coupling is a means of using 

. a. a capacitor to provide a path for 

signal currents. 

— b. a transformer to provide a path 
for signal currents. 

c. an inductor to provide a path for 

signal currents. 

. d. a resistor or conductor to pror 

vide a path for signal currents. 



3. When using direct coupUng 

* a. the input signal will experience 
a phase shift In the output of the coupUng 
circuit. 

■ b. DC voltages areeltmlnatedlnthe 
output of the coupUng circuit. 

■ c. an exact reproduction of the input 
signal will be provided to the output of the 
coupUng circuit. 

» d. operation will be Umited due to 
the narrow frequency range of the circuit. 

CONFIRM YOUR ANSWERS IN THE BACK 
OF THIS GUIDE. 



B. Turn to Student Text Volume m and 
read paragraphs 11-7 through U-IS. Return 
to this page and answer the following 
questions. 

1. The capacitor in an RC coupUng circuit 
blocks 

■ a. the AC component andpassesthe 
DC component. 

^ b. the DC component andpassesthe 

AC component. 

■ c. both the AC and DC components. 

2. Is the following statement true (T) or 
false (F)7 

— The Output signal from an RC coupUng 
circut is taken across the resistor. 

3. The AC component to be used in the 
output of an RC coupUng circuit is developed 
by the 

a. charging and discharging current 

of the capacitor through the resistor. 

b. ratio of Xc to R over the selected 

frequency range. 

c. working voltage rating of the 

capacitor. 
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d. itray capacitance of ttu coupling 



circuit. 

CONHRM YOUR ANSWERS IN THB BACK 
OF THISOUIDE. 



C. Turn to Student Text Volume in and 
read paragraphi 11*18 throush 11*21. Return 
to this page and anivrer the foUonvlng questions. 

1 * LC coupling circuits are considered 

a* Inductively coupled circuits. 

b. resistively coupled circuits* 

, c* capacitlvely coupled circuits* 

2. With LC coupling^ what is the condition 
of Xc ^nd Xl 3Lt ths high frequency cutoff 
point? 

a, Xq is high and Xl Is low* 

b* Xl Is high and Xq Is low* 

c* Xl = Xc 



3* Basically RC and LC coupling circuits 
are 



a* high-pass filters* 

b, low*pass filters* 

c, b&ndpass filters. 

d, t}and-reject filters* 



CONFIRM YOUR ANSWERS IN THE BACK 
OF THIS GUIDE* 

D* Turn to Student Text Volume in and 
read paragraphs 11*22 through 11*25* Return 
to this page and answer the following qjuestions* 

1 * Which of the following is i^OT an advantage 
of transformer coupling? 



a* Voltage increase or decrease* 
Impedance matching* 



c. Separation of AC and DC 



components* 



^ d. Needs leas shielding than other 
types of couplers. 

2. Two types of transformers usedintrans- 
former coupling are: 



a* Radio frequency and audio 



transformers. 



b. Power and radio frequency 



transformers* 

- c. Audio and power transformers* 

CONFIRM YOUR ANSWERS IN THE BACK 
OF Tins GUIDE* 



MODULE SELF*CHECK 
QUESTIONS; 

1* Match each diagram with the type of 
coupling listed below: 



a* 

* b* 

d* 



transformer coupling* 
LC coupling* 
RC coupling* 
direct coupling* 





REP4'1260 
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I 



1 









LOAD 



B 




RCP4-12S2 




o 




FREQUENCY 



B 




FREQlENCTf 



RFP4'12S3 



2, Match each response curve with the type 
of coupling listed below; 



a. 
b. 
c. 



Tranafonner Coupling 
LC Coupling 
RC Coupling 
Direct Coupling 




FRBQUENCT 



3 
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MODULE SELF-*CHECX 

3. Match each itatoment with the typt ot coupling. 

ft. Uiei a conductor or reelitor to A. TRANSFORMER COUPLING 
connect two circuit! togtthtr* 

B. LCCOUPUNO 

b. Tha rauo ot to R dittr- 

mlnei the low Xr«qu«ncy limit. C* RC COUPUNQ 

Ueed to couple a high impedance D. DIRECT COUPIINQ 
eource to a low Impedance load. 

d, Provldea exact reproductlOft ot 
Input Blgnal* 

e. Provldea signal gain. 

t Will couple direct current. 

g> Has a low frequency series rescH 
nance hump. 

h> , Contains no reactive components* 

L Oouples energy by mutual 
inductance. 

^. Steps vcdtage or current up or 
down. 

Produces no phase ehlft 

1. Has poor frequency response* 

m* Has very wide frequency response. 

n. Uses a coll as P^rt of the coupling 

network* 

o* Can provide 180* phase shift* 



CONFIRM YOUR ANS^BS AT THE BACK OF THIS GUIDE* 
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NOTES 



ERIC 
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ANSWERS TO A - ADJUNCT GUIDE 

1. b 

2. d 

3. c 

tf you missed ANY quefltioni, review 
the reference material before you 
continue. 



ANSWERS TO B - ADJUNCT QUIDE 

U b 

2. T 

3. a 

tf you missed ANY questional review 
the material before you continue. 



ANSWERS TO C - ADJUNCT GUIDE 

1. c 

2. b 

3. a 

tf you missed ANY questions, review 
the material before you oontlnue. 



ANSWERS TO D - ADJECT GUIDE 

1. d 

2. a 

tf you missed ANY questions^ review 
the material before you continue. 



ANSWERS TO MODULE SELF-CHECK 



3. 



a. 


B 


b. 


D 


c« 


C 


a* 


A 


a* 




K 


Q 




o 


a* 


A 




D 


D« 


C 


C* 


A 


a* 


D 


6* 


A 


It 


D 




B 




D 




A 




A 


k. 


D 


U 


A 


m* 


D 


n. 


B 


0* 


A 



HAVE YOU ANSWERED ALL OF THE 
QUESTIONS CORRECTLY? IF NOT, 
REVIEW THE MATERIAL OR STUDY 
ANOTHER RESOURCE UNTIL YOU 
CAN ANSWER ALL QUESTIONS COR- 
RECTLY. IF YOU HAVE, CONSULT 
YOUR INSTRUCTOR FOR FURTHER 
INSTRUCTIONS. 
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